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FOREWORD

Foods preserved by modern dehydration procedures rehydrate rapidly to

yield products which are generally indistinguishable from their undehydrated
counterparts in odui-, taste, texture and appearance. The 60 to 90 percent
reductlnn in weight incident to dehydration represents a collateral
advantage of increasing significance. In theory, dehydration should
permit a reduction in volume approximating the water removed. Reducing

the volume of dehydrated food provides obvious advantages in terms of
transport, storage, and ratio of food to packaging material, especially
when the reduced bulk is concentrated as a rectangular module favorable
io packAging and packing. These values are amplified in terms of the
soldier who must carry on his pti:son whatever food he may consume during
prolonged periods in a hostile area.

This investigation is based on recognition of the importance of

compression techniques for reducing the volume of dehydrated foods, and

on the common observation that compression of dehydrated foods may result

In major structural changes similar to grinding. Such changes adversely

affect the acceptability of many familiar food items through alterations of

appea:rnce, texture and possibly other physical properties. The primary

objective of this investigation is the development and demonstration of

feasible methods for minimizing the fragmentation attending the compression
of dehydrated foods.

The investigation covered by this report was performed at the Food
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Nethods have been developed whereby a broad range of dehydrated
foods can be compressed at 1000 psi into dense, cohesive bars which
rehydrate readily with little fragentation to original characteristics.
iumaiatiLo Included 15 food types. Measurement of fragmentation
is described. Storage stability is reported. A progress flow
diagram is Included.



SUMMARY

Methods are described for preparing food bars from freeze dried
chicken, raw beef, ground cooked beef, peas, shrimp, corn, chili con
came, beef stew, rice, onions, scrambled eggs, peaches and spinach.
These bars, having been compressed at 1000 psi. into discs approximately
k" thick and 1k" in diameter are cohesive enough to withstand normal
handling and have a good appearance. The bars can be rehydrated by
normal means to yield food pieces of the shape and size of the
uncompressed food with little fragmentation or even distortion of
the original appearance. Compression cf the foods listed above
without the treatments described in this report yields bars of
little cohesion which, when rehydrated, yield broken food pieces
and in many cases only a finely dispersed slurry.

Effective treatments for reducing fragmentation include spraying
water, glycerin or propylene glycol on the dried food prior to
compression. Redrying water sprayed bars by vacuum oven to a
so: ,ture level of less than 21 does not affect the high quality
associated with freeze dried foods (i.e., fresh flavor and rapid
rehydration). Effective treatment for scrrabled eggs comprise
substituting partial cooking for the usual complete cooking before
freeze drying. N!o anti-fraomentation additives wore used.

Also described in this report is a test based on objective
measurements which provides a valid quantitative index to fragmenta-
tion or decreased particle sise resulting from the compression
of freeze-dried fuods. The results from this test are reproducible,
clearly showing the degree of fragmentation with a single number.
This number (It) approach# unity as the fragmentation is reduced.
In some cases, the If be been reduced from as high as 13 for un-
treated foods to as low as 1.2 by treating the food prior to com-
pression operation. The' mathematical treatment and mathematical
meaning of the If number is given.

-1 • o



Storae& stability stuidies were carried out on all sf the
food bars at ?00P, 1000, and cycling between OPY and 40 F.

In some cases an alternate treatment to reported for
food bars where storage stability studies Indicated poor perfor-
mane* for bars treated a specific way.

Techniques are described .r improving rehydration rate
and cohesion of the food bars. These techniques Include the use
of additives such as' starch, guin arabic and calciumn pectinate.
Also, methods are described for controlling surface moisture of
the food particles prior to campression to achieve optimu rehydra-
tion and cohesion characteristics. Without this control,* rehydra-
tion tims of some food studied would be greater than 3 hours,
wbreas all of the bars described in thit report rehydrate in lest
than 30 minutes and in many cases in less than 7 minutes.

The use of oil as a means of preventing of f-flavor in
compressed onion is describei.

The exclusion of ligh~t from glycerin treated pea bars
was found to prevent the whitening effect encoutered by other
workers.

9quilibration followed by compressios at elevated temper-
ature Is reported as a mame of reducing frgenatation. Also,
notbods ar given for redeaf equilibeatiem tims from one hour to
a fer minutes In sow Lastemses.

Uertmeata bon imiiested that stepping the free$* drying
cycle of peas whom the feed bad reeshed a moisture of 7.5%. with
subsequent compression and a estimaetiom of drying I i a. vacumm
owes to a moisture of less tbm 3 yielded a cobssivL bar that
Aebmd little or so frapastatiom upes reshydratiou.
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INTRODUCTION AND GENERAL PRINCIPLES

Improvements in the technology of dehydrating foods have solved
many of the problems of providing high-quality food rations to members
of the Armed Forces. Dehydration in many cases provides effective preser-
vation of the food product, and at the same time markedly reduces the weight
required to be shipped and ultimately to be carried in the pack by the
individual. However, notably in the case of freeze dried foods where vir-
tually no shrinkage occurs in dehydration, the volume of the dehydrated food
remains close to that of the original starting material.

Hence, the need has been recognized to increase thp caloric density
of dehydrateu foods. This may be accomp'ished in some cases by filling the

existing void spaces in dehydrated foodF. Another approach is to compress
the dehydrated product so that a giver weight of material will occupy a

sma..er volume than would otherwse be the case.

However, many dehydrated foods undergo seveLe fragmentation, parti-
cularly when they are compressed at pressures above 1000 psi. It is an
ultimate objective if this project to find means of treating certain
specitied dehydrated foods so as to substantially redluce the amount of
fragmentation which would otherwise occur upon comDression in the range of
1000 to 2000 psi. It is also ar objective of this project to develop a
relatively simple, reproducible method for measuring the fragmentation which
occurs so that the effectiveness cf the treatments devised can be evaluated
and controlled.

I. INDEX OF FRAUGWE TION

In order to evaluate treatments and processes that are developed to
reduce the fragmentation of dehydraLed foods, it was necessary first to
devise a means of measuri,- tiLts fragmentation. Therefore, this objectiv.'-
is covered first.

The first basic consideration was to select a test method that would
reflect various degrees of fragmentation. The test should be based on
objective measurements and must be relatively simple to perform and
reproduce.

A second consideration was to express the results of such a test in a

single number or index which would equal unity if no fragmentation occurs
and would increase in value as the degree of fragmentation increases.

It was also considered desirable, although not essential, that the Index

of Fragmentation developed should be reasonably comparable when applierI
to various types of food materials. That is, it would seem desirable
if an Index of Fragmentation of 5 could be taken to indicate approxi-
mately the same degree of breakage which had oc~curred durLng comptkssi

of shrimp as a similar number would indicate for a markedly different

product (e.g., rice). It should be recognized that this degree of

- 3 -



comparability may never be attained in full because of the differences in
type of breakage which are likely to occur in materials vm'hich are structurally
as different as shrimp and rice, for example.

Screen ,nalysis is probably the most obvious way of measuring the particles
size and hence the degree of fragmentation. The preliminary experiments in-
dicated that a wet screen analysis was preferred over a dry screen analysis.
The method developed in the current work is based on rehydrating the compressed
foods and making a wet screen analysis of the particles using a water spray to
transport the particles from one screen to another. The values obtained from
this analysis are mathematically reduced to a single number which meets the
following specifications:

1) It is a ratio in terms of fragmentation after compression to

fragmentation before compression.

2) It approaches unity as breakage due to compression is minimired.

3) It becomes larger at breakage produces smaller and smaller particles.

4) It permits a rough comparison of the amount of fragmentation which
has occurred in large food pieces (e.g., shrimp) and small pieces
(e.g. peas) even though different sieve sizes are involved.

This method of determining Index of Fragmentation has proved to have
good reproducibility and to be indicative of the amount of fragmentation
of food as judged by appearance and organoleptic means. This test has been
successfully applied to all of the foods studied.

The primary objective of this project has bein successfully met by
developing treatments for freeze dried foods which enable them to be compressed
into bars which will, upon rehydration, return to their original shape with
little breakage occurring and with essentially the same flavor and appearance
as the uncompresied freeze dried foods. The volume of the freeze dried foods
is reduced by the compression step to less than one quarter of the original
volume and in some cases to one ninth of the original volume.

The preliminary work on this project kndicated that the most successful
approach to reducing fragmentation is to soften th,. freeze dried foods prior
to compression. If the food is soft enough, it will yield to compression,
forming a bar without breaking. This approach bAs been successfully applied
to most of the foods specified under the contrdct.

-4-



A. Food Softening

To soften the foods prior to compression, several "plasticizers" were

evaluated. It was found that water, propylene glycol, glycerin and

alcohol softened the foods sufficiently to al!Dw c(mpression with little

fragmentation. To achieve optimum results frot these "plasticizers" and

to obtain bars with good physical properties, specific techniques were

worked out for each food using the basic princp'.e *ýf softening the food.

i. Water Treatment

Freeze -ried foods with moisture levels from z-20% will compress

in-:o bars with little fragmentation occurring. The higher *ne level

of watoi, the lower the degree of fragmentation. Af.er compres-ion,
the tood can be dried to below 2% moisture in a vacuum oven without

an, aprarent change in the quality associated with 'reeze dried
foods (i.e., rapid rehydration and fresh flavr). H:wever, .f too

high a moisture level is -.sed (this level .ries with each food)

the food is adversely affected by the second eying .peration, the

food taking on the characteristics of the convintional dried foods

(i.e., slower rehydration and lack of fresh flavor).

TLree techniques have been used to obtain freeze dried foods with

moisture levels from 5-20%: 1) Spraying the dried foods with a

fine mist until th.e desired increase in weight :u obtained; 2)

Stopping the freeze dried operation when the food has reached the
desired moisture level and 31 Allowing freeze iried feod to
equilibrate in A humidity chamber un-il the food absorbs the de-

sired amount of watu.'. O" the three methods, spraying :he water

appears to be most sat~atactcry with relation to conroe. and time
requirad. Stopping the freeze drying operation at a ds ,ired

moisture level was very difficult and several attempts were nec-
essary before even one success was achieved. Introducing the
desired moisture in a tiumidity chambeL usually requires several
hours as cospared with less than an hour required for the spray
method. The spray method was therefore used as the method of choice

in most cases.

The amount of moisture added before compression also affects the co-

hesiveness of the bar and its rate of rehydration. Foods compressed at

moistures below optimum level have poor cohesion but rehydrate rapidly

while foods compressed above optimum moisture have very good cohesion but
rehydrate very slowly.



In all cases, it appears important to control the moisture on the
surface of the food pieces. Higher surface moisture levels tend to
produce more cohesive bars, but lower rehydration rates. Even a
sample with a low moisture level may be too cohesive if the compres-
sion is carried out before the water (sprayed on) has penetrated the
surface. Therefore, it is desirable to compress after the foods have
equilibrated to insure a fairly uniform moisture level throughout.
This equilibration may vary, depending on the food, from a few minutes
to an hour. Generally, a food that rehydrates slowly will need a longer
equilibration time before comprcssion and re-drying than a food which
rehydrates rap~i!y. After determiniing the optimum moisture level and
equilibration time to reduce the fragmentation of a specific food, a
greater cohesion c. rehydration rate may still be desired. Surface
moisture may be reduced by a warm dry air current or increased by a
light spray immediately before compressing.

In some cases, it is j-asible to add certain additives to "he
water being sprayed on the food to obtain either greater rehydration
rate or cohesion without adversely affecting the other. Gum arabic
has been successfully used in rice to increase cohesion without
affecting rehydration rates. Modified low visbosity starches have
been used to increase rehydration rates of bars.

2. Propylene Glycol and Glycerin Treatment

Propylene glycol and glycerin can be used effectively in ranges from
5-15% to reduce fragmentation due to compression. The higher level is
limited by taste factors. Propylene glycol is more effective in re-
ducing fragmentation than glycerin; however, the maximum level of pro-
pylene glycol that can be used because of the bitter taste is less than
that of glycerin which mainly contributes sweetness to the product. The
use of theie plasticizers requires compression at elevated temperatures.
Little or no plasticizing occurs at room temperatures. The optimum
temperature of compression for the foods worked on under this contract
is 60°C, The main advantage of using propylene glycol and glycerin to
softeni the food tissue is that it does not require a second drying
operation as is needed after wirter treatment. However, these plasticxzei-
generally affect storage stability adversely at high temperatures (1001F).

The level of propylene glycol and glycerin used is not critical,and
has little or no effect on rehydration. Usually the cohesion of thO
bar is improved by the use of these plasticizers.

Spraying propylene glycol or glycerin was the most effectivw
method of distributing these additives uniformly. It was found help-
ful to equilibrate the samples at 60 0 C after spraying prior to comproe•i,,.

-6-



An equilibration and heating time of one hour was used. Shc-ter
equilibration times are possible especially when heating only thin
layers at a time (i.e., the use of radiant heating plates on single
layers of peas reduced the time to 5 minutes).

3. Alcohol Treatment

Ethyl alcohol will soften the food particles to allow compression
without excessive fragmentation. However, for greatest effectiveness,
the treated food should be compressed at elevated temperatures (60 0 C).
Significant losses have been experienced due to evaporation under
these conditions.

Alcohol treatment of'ers little advantage over the water treatment
except for the ease of removal after compression.

MATERIALS AND METHODS

I. MATERIALS

The food products selected for experimental work in this project were
chosen in conformity with the requirements of the Statement of Work as
set forth in the request for proposal on which this project is based.
Readily available commercial products were chosen wherever possible to
achieve a degree of standarization which would not be possible if the
individual food material were prepared in the contractor's laboratory
under small scale research conditions. When not available commercially,
the products were purchased in their raw or natural states, and dehy-
drated using a RePP Freeze Dryer (see section under equipment) according
to military specifications for these foods. As experimental work pro-
gressed, it was found neccessary in some cases to treat the food in its
raw or natural state in some manner pr~or to freese drying in crder to
accomplish the desired reduction of fragmentation.

Data concerning those foods which were purchased in the dehydrated state
meeting specifications of the Statement of Work are tabulated in Table I
Products that required special attention are described below.

A FREEZE DRIED STAWBERRIES.

Fresh strawberries were purchased from a local fruit store and de-
hydrated in a RePP Freeze Dryer. The final moisture was less than 3%.
It was found necessary to treat. witt calcium chloride and low methoxy pectir

-7-



prior to freeze drying in pursuit of a treatment for the reduction of
fragmentation. These pre-drying treatments are discussed under Resulcs
and Discussion,

TABLE I
DATA ON CRM1ALL-PURCUASZD DWYDPAjED FOODS

Moisture
Comon.ent Suppliers Si_.e Actual Sp ckfication

Shrimp United Fruit Corp. 26/29 lb. 1.61 2-5
Beef (cooked & ground) Wilson & Co. 1/4" cubes ---- 2-3
Chickens Wilson & Co. 3/8" diced 2.64 2. 5-3

*kice General Foods Whole Grain 3.02 3-5
Onions Basic Veg. Prod. Inc. Chopped 3.0 3-5
Peaches Seeman Bros. Inc. Halves 12.0 10-15
Peas United Fruit Corp. - "......1.4 1-2
Corn United Fruit Corp. --------. 1.4 1-2

*Actual moisture as purchased was 8-12%; waq dried in air oven to 31.

B. FREEZE DRIED SPINACH

Frozen spinach was parchased from a local vegetable store and prepared
for freeze drying according to Kilitary $pacification LP/P.DES C-208-63.
The final moisture wau below 2% which was within specifications for freeze-
dried materials.

C. FREEZE-DRIED MUSHROOMS

Freeze-dried mushrooms were obtained from United Fruit & Food Corp.
Since it was found necessary to treat the mushrooms before freeze drying,
the frah productwvas purchased from a local store, pretreated, and pre-
pared for freeze drying according to Military Spacifications LP/P.DES
C-190-62. The product was then freoge dried in a RePP Freeze' Dryer.

SFE-DRI ED COTTAGE CHES E

rresh cottage cheese was purchased from the local food store. The product
was frozen directly in the freeze dryer by evaporative freezing to obtain
dehydrated product of distinguishable curds. This procedure was followed
because when cottage cheese was frozen in a conventional freezer and then
freeze-dried, the cheese became matted which was undesirable for use
according to Milittry Specification LP/P.DKS C-197-62
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E. FREEZE DRIED SCRAMBLED EGGS

Freeze dried scrambled eggs were prepared in the laboratory at
various cooking times as described under Results and Discussions.
The basic procedure, however, followed the appropriate military
specification.

F. FREEZE DRIED, DICED, RAW BEEF

Raw beef (round cut) was purchased from a local butcher and prepared
fc:" freeze drying acujcding to Military Specification LP/P DES C-204-63.
The raw meat± wa diced approximately 1/?" in thickness and I" in the
other two dimensions. This cutting -3peration caused considerable leak-
ing of: tissue fluid on the surface of meat which subsequently caused
rehydration prA.I ems.

G. DEHYDRATED BEEF STEW

For the purpose of tbis report, beef stew was prepared according to
Military Specification LP/T DES C-187-62. The formula is shown in
Table II.

TABLE IT
FORMULA FOR DEHYDRATED BEEF STEW

COMPONENT PERCENT SUPPLIER
(Dehydrated)

Cooked beef pieces 51.8 Prepared in lab.
Potatoes 155.5
Peas 6.0

(> rrot s 6.0
Onions, sliced 3.4 Basic Vegelable Products, I-
Gravy mix rrepared in Lpb.
Soup and Gravy Base, Beef 8.9 Thomas J. Lipton, Inc.
Waxy nmaize starch 6.9 NationaL Starch
Hydrolyzed Vegetable Proteins 0.9 The Nestle Co., Inc. (0VP w'p, •i
Onion powder 0.4 Busic Vegetable P-oducts, Inc.
White pepper 0.1 McCormack & Co., Inc.
Caramel Coloring 0.1 T. Mitchell Co.

TOTAL ICO.0

Raw beef, diced potatoes and carrots, and peas were purchased locally, cooked
and freeze dried by Tronchemics Research Inc. The Soup and Gravy bare, Beet
was made up according to military specification MIL-S-3271C
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H. D•IYDRAIED CHILI CON CARNi

Chill Con. Care was prepared according to military specification
LP/P DES C-186-62. The tormula is g•ven in Table 1I1. The soup and
gravy basei used was the same as that described under Beef Stow.

ULEILI
FOL•UIA FOR CHILI CON CI.RNE

CCOKENT

iLte pea beans 59 Prepared in the lab
-::ccoked ,roui., beef 25 Wilson & Co.
)ehydrated)
asoning mix Prepared in the lab
leato powder 6.6 Pa Lerson Canning Co.
)up & Gravy Base, Beef 4.0 Th:mas J. Lipton, Inc.

1Li powder seasc.ing 3.0 GrYflth's Laboratories, Inc.
d1 t 2.4 ObLained locally
irlic Powder ? _L-Suz- Speed Vegetable, Ir.c.

TOTAL

ie beans were purchased locally, cooked and freese-dried in a RePP Freeze
"-yer. All other s.omponents were obtained in the dehydrated state, requiring

further processe.Lg except for blending.

!I ingredients use• to reduce fragmentation conform to current requirements
"the F.D.A. Furthermore, no process or treatment was used which is known to

Iversely affect the wholesomeness, the vitamin content, or the biological
.iality of the protein of the compressed product.

•. IQUIPMBT

hajor pieces of equipment required for the successful performance of this
contract are tabulated in Table IV

-10-

BEST AVAILABLE COPY



TABLE 1V

MAJOR PIECES OF EFUIPMENT

Freeze Dryer RePP Industries Inc. FFD-40
Gardener, N. Y.

Hydraulic Press Fred S. Carver Inc.
Summit, N. J. i5O

Vacuum Oren National Appliance Co.
Port land ,Oregon

h1gh Vacuum Pump Arthur S. LaPine & Co. S-2

Environmental Chamber Enviratron Company
Burbank, California

Moisture Meter Ohaus State Corp.

Union, N.J. 6000

III. METHODS

A. FREEZE-DRYING

Freeze-drying of foods at Tronchemics Research,,Inc. was carried
out in a Re.l' Sublimator (FFD-42) modified tc utilize adjustable
electi ically heated radiant plates.

B. COMPRESSION PROCEDURE

A Car-ver hydraulic press with 6" square plates and a cylinder 3" high
with a movable piston was uzed to compress the dried foods into bars.
The weights of the dried foods were adjusted so that aZter compression
the bars would be approximately 1/2' thick with parallel top and bottom
surfaces of approximately 2 square inch s each. Where an experiment
called for compressing the sample at 60 C., electrically heated plates
were used in the press and the cylindr was preheated at 60*C for one
hour. Unless indicated otherwise for a specific experiment, all
samples were compressed at 1100 psi p~essure, this being 100 psi over
tie minimum of 1000 psi called for in the contract specificatioi.-.
The time required to reach maximum prassure applied and the time re-
maining at the pressure was five seccids unless indicated otherwise.
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C. SPRAYING

Many of the food materials were sprayed with water, propylene,
glycol or glycerine prior to compression to reduce breakage of the
food particles during the compression operation and to increase
cohesion. Spraying was dune with a -aint spray type nozzle
(pressures 25-5i.psig), from a container having a capacity of one
quart.

D. !RUILIBRATIaN

After 3praying dried foods wit'. water, proplyene glycol or glycerin,
it was necessary to providr equilibration for the treatment a-ent to
penetrate the food. &'-.libration time in a sealed container after
spraying varied depp'."ing an the nature of the product. BquiLbria..
tion times wece as low c.s 5 minutes for peas and as high as two hours
for Chili Con Carne. zquilibration is performed at 200C for water
treated samples and at 60 0 C for glycerin aNd pvopylene glycol treated
samples.

E. REDRING

It wa, necessary to remove water from bars so treated in order to
preveni possible spoilage of the foods due to excessive moisture content.
After water treated Zoods were compressed the resulting bars were re-
dried in a vacuum oven at temperatures ranging from 40-600C for at least
5 hov'.: to reduce the 4toisture content to less than 2%. Since the quan-
t.Lties of water involved were low, no adverse effects due to moistening
and redrying were observed.

F. EVALUATION TESTS

1. INDEX OF FRAGMENI-`..,1'QN (If)

The development of a method for determining the degree of frag-
wcntaLion was one of the major objectives of this project. The
experimental work leading to this development, along with the
method ultimately adopted !s discussed below under Results and
Discussion, Section 1. Index of Fragmentation.
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2. EE

The pH of the compressed food bars has been determined by using
a Beckman pH Meter Model G. A ten gram aliquot of the dry bar was
dispersed in 100 ml. distilled water.

3. DROP TEST

In this method, a 3/4" steel ball weighing 28.2 gm. is dropped
from a height of 10* on to the center of the bar. An assembly with
an electromagnet has been made to allow the ball to be dropped from
a predetermined height. The bar is placed on a cast iron plate (i.e.,
botton of ring stand). The number of drops necessary to crack or
break the bar is recorded.

4. % MOISTURE

The moisture of the untreated samples is determined by an Ohaus
Moisture balance with the heat adjusted for each food to prevent
scorching. Validity of results was checked using a vacuum oven
method (A.O.A.C. where applicable).

In the treated samples, part of the additive (glycerol or propylene
glycol was lost in the drying step, Time vs. weight ions was plotted
and extrapolated to zero time from the straight line portion of the
curve (constant rate of weight loss) in order to determine weight loss
due to moisture.

5. DENSITY

The bar is weighed and meacured at least 10 minutes after compression
and density is computed as %rams/cc. The control (not compressed) is
measured by determining tite weight of product necessary to fill a 500 ml.
graduate.

6. RS-YDRATION TIME

Sam-les were tasted periodically during rehydration to determine the
titw required to fully rehydrate the food. The food was judged to be
fully rehydratad when the texture was uniformly soft throughout. At

this time, the sample was also cut in half and inspectcd visually to
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ieteraine whether the water had completely penetrated the interior.

The temperature and amount of water used were determined.

7. ORGANOLEPTIC EVALUATION

Organoleptic evaluations of flavor, aroa, texture and color were
performed by a trained panel of not less than three people.

8. STORAGE STABILITY

Samples were vacuum packed or nitrogen packed in poly-foil-poly
flexible pouches. All samples were placed in storage under the
conditions specified by the contract (700F, 100 0 F, and cycling
between 00F and 400F). In addition, samples were placed in 00F
storage, to serve as additional controls. Initial and six months
storage evaluations were conducted for most products studied.

9. HUMIDITY-MOISTURE 3UILIBRIUM

The wink (weight equilibrium) method of determining the humidity
moisture eqiiilibria of the food bars and uncompressed foods was used.
The saturated salt molutions used and corresponding humidities at
73°'F are as follows:

SALT % R.H.

Potassium acetate 22.9

Magnesium &lorids 32.9

Chromium trioxide 39.2

Sodium dichromate 54.1

Sodium bromide 58.5

Sodium nitrite 64.8

Sodium chloride 75.5

Ammonium sulfate 80.1

Potassium chromate 86.5

Ammonium monophosphate 92.9
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RLSULTS AND DISCUSSION

SECTION I - INDEX OF FRAGMENTATION

I. SELECTION OF EXPERIMENTAL PROCEDURE

Screen analysis was considered to be the most direct approach to

measuring fragmentation of compressed foods. Wet screen analysis was
selected in preference to dry screen analysis because of several inher-
ent disadvantages of the latter. Some of these disadvantages are listed
as follows:

1. There is no practical way to break up a cohesive dry bar to permi,
dry screening without prcducing further fragmentation.

2. Separation of the bar cot, onents by rehydration would require
redrying before dry scree,. a,!alysis could be performed. This would
be time consuming and shri:nkage of food pieces would probably occur,
exaggerating the indication: of fragmentation.

3. Some fragile products woul.5 be further fragmented by abrasion on
the screen during dry screen analysis.

The wet screen analysis has several advantages that make it particularly

suitable for he analysis of compressed food bars. They may be listed

as follows:

a. The rehydra ion step gently breaks apart the compressed bar without
causing fur her fragmentation.

b. Further fragmentation is not like-y in the screening operation
because most products are less fra i e after rehydration.

a

c. The analysis can be made immediateiy withnut waiting an additional
time for redrying the sample.

d. The analysis requires a relatively short time.

e. Screens are the only special equipment needed.

f. Preliminary experiments indicated that a wet screen analysis
distingiushes various degrees of fragmentation and is fairly
reproducible.

In view of the above considerations, the wet screen procedure was
selected as most promising for further investigation.
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II. STANDARDIZATION OF THE WET SCREEN ANALYSIS

A. SELECTION OF SCREEN SIZES

An attempt was made to develop a rationale for the
selection of screens for the individual food products
which would serve as a guide not only for selecting
screens to be used for specific foods to be studied in
this project, but also for any subsequent foods which
might be considered for compression in future work
either on this project or by the U. S. Ar- , Natick
Laboratories in its continuing eftort. T,s rationale
was developed to fulfill the following consiierations:

1. The top Fcreen should be selected so that it will
retain the greater part of the raw material being
investigated. That is, if compression and resulting
fragmentation has not occurred, most of the rehydrated
food will be retained by the top screen selected.

2. The top screen should be large enough so that, if
any significant fragmentation occurs, the breakage
will be reflected by an increased amount of material

passing through the screen. For example, if a screen
with a 5 = opening were selected as the top screen

for a fragmentation of freeze dried shrimp, it is
apparent that considerable Ireakage of the shrimp
could occur with very littli effect upon the resulting
screen analysls data.

3. A sufficient number of screens should be used in the
analysis to adequatelywver the range of particle
sizes important to the accomplishment of the objectives
of this proje.t.

4. The measuremer.t of extremely fine particle size dis-
tributions was considered unimportant for !he pur-

poses of this project. This conclusion is tased
on the assumption that once the food material has
been reduced to 1/16th or lesi of its original s'ue,
its desirable texture, apparent characteristics, and
eating qualities are no longer acceptable and precise
measurement of particle size distribution is unitnpor-
tant.

5. On the basis of these and other considerati~ns,
the selection of screens was mae as follows:
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(a) Five screens will be used for each analysis.

(b) The bottom sieve will be a U. S. Standard Sieve #100 or #200 and will
remain constant, being analogous to the "pan" in dry screening.

(c) The top sieve will be selected so that it is I the size of
the smallest screen opening that will allow 90% or more of the
uncompressed product to pass through.

(d) The remaining three sieves will each be J of the screen
opening size oZ the next larger sieve immediately above it.

(e) If a specific product has a dimension that is 1" or greater,
the above rules will not apply, but instead the following
five screens will be used:

Sieve No. Screen Opening

5/8 16 an
5/16 8 mm
5 4mm
10 2 mm
100 149 mm

Within the scope of this project, it was felc that item (e)
immediately above was necessary to cover very large pieces of
dehydrated foods. Particle@ broken up to sizes larger than
5/8" would still retain the basic textural characteristics.
If .nformation about the + 5/8" fraction is desired, pieces of that
sire could readily be counted and measured if necessary.

In commercial flaked onions, a few pieces were found to be excep-
tionally long and not representativ,e of the average size of the
particles. Therefore, a screen selected to allow l0J% of the
onions to pass through would have to be relatively very large.
Because of this, item (c) above states that the top sieve will be
I the size of the smallest screen that allows 90% or more of the
product to pass through. In the case of onions, the #5/16,
(8 mm opening) screen allowed 97% of the product to pass through
so, by definition, a #5 screen (4 mm opening) was the top screen
used.

B. SCRENING TECHNIQUES

In the wet screen analysis some method is necessary to transport the
fines from the top screen to lower screens (smaller openings). Two
methods were evaluated, 1) spraying water on top of the screens, and
2) dipping the screens in and out of water, It was found that dipping
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the screens was not as efficient as spraying the screens because
considerable time was required to transport all of the fines to
the lower screens (at leart 3'0 minutes) by the imersion method.
Only a few minutes were required on even the more difficult product
whe., direct spraying was used.

rho spraying method was adopted and subsequent work was directed
toward standardization cf the spray conditions. Initial experiment
indicated that a spray of too high a velocity would break up the
particles and a spray of too low a velocity would not carry all
of the fines to the lower screens within a practical time limit.
A total flow rate of 2500 ml/min was found to be suitable for
all of the products evaluated to date. The time of spraying each
screen was found to differ for each product dep.ending on the
following factors:

1. Size of particle.
2. Cohesion between particles.
3. Fragility of particle.

In chicken it was found that one minute on each screen was
adequate whereas 3 minutes were necessary on the top screen in
analyzing onions. Time of spraying was determin3d by spraying
the top of each screen until little or no additional material
passed through to the next screen. Care was also taken to
ensure that excessive spraying did not in itself cause fragmenta-
tion of the rehydrated food materials. Time and temperature of
rehydration prior to the screen analysis varied according to the
product. If the raw material as purchased included special rehy-
dration instructions, -.hese were followed. If specific instruction!
did not accompany the raw material, boiling water was added to
the compressed bar and allowed to stand until rehydration was
apparently complete. fegardless of the method chosen, rehydration
was carried to an extent in which the drained weight was at
maximum value.

After screen analysis, the fraction Gn each screen is washed onto
filter paper and weighed wet. A Buchner funnel, using vacuum, was
preferred for speed over the gravity flow of a standard funnel.
The total weight of the fraction varied little when running dup-
licate experiments using the Buchner fur',el whereas the standard
funnel resulted in relatively large variations probably due to
retention of excess water on the filter paper. Also the Buchner
funnel method resulted in a considerably low:er drained weight
which indicated more efficient draining. In order to standardize
the use of the Buchner funnel, a time of fifteen seconds was
adopted for drawing air through the .unnel after the water is
gone and air is first heard to pass through the filter paper.
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WET SCREEN ANALYSIS - STANDARD METHOD

Material - a. U. S. Standard Sieves from W. S. Tyler Company.

b. Perforated plate type spray nozzle, I" diameter,

havingl3 holcva made by a #55 drill, arranged as

indicated by the diagram:

00

c. Buchner funnel, porcelain, fixed perforated plate,

diameter 111 mm.
d. Filter paper - Whatman #4, 11 cm.

e. Brass aspirator (filter pump).

Method - Rehydrate sample in beaker, transfer contents to stack of

five sieves in series and spray at 2500 ml/min. The screen

size and time of water spray is given in table below under
heading of SCREEN ANALYSIS - CONDITIONS. Remove top sieve

and continue spraying for the specified time on the second
sieve. Repeat for the other three sieves. Wash each
fraction quantitatively from its sieve into a beaker.

The fractions collected in the beakers are weighed by

pouring into a Buchner funnel onto filter paper, washing

into funnel any pieces that adhere to side of beaker

with additional water. The funnel is then filled with

additional water to distribute the particles and vacuum

is applied. After the water is gone and air is drawn

through the paper for 15 seconds, the filter paper with

contents is weighed wet allowing a tare for filter paper

as determined experimentally. Index of Fragmentation is

calculated aj shown below.
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IV. MATHEMATICAL TREATMENT O0' RESULTS

The mathematical treatment of the scrien analysi" data to
obtain an "Index of Fragmentation" should fulfill two
objectives.

(1) It should result in a physically meaningful index.

(2) It should be simple.

The simplest method would be to calculate by simple inter-
polation, or to pick from a graphic representation of a
particle size distribution, a representative particle size
which divides the total sample into some arbitrarily fixed
weight percentages of oversize and undersize and express the
Index of Fragmentation aE the ratio of the control particle
size dividied by the size of the sample under examination.

The most common method for graphic representation of a particle
size distribution is to plot the cumulative weight percent
undersize or ov',retaa on either a normal or a logarithmic
scale versus a scale based on the probability integral. (Normal-
probability and log-probability grid). Less frequently used
are such distribution functions as( e Rosin-Rammler and the
square root probability functionS, "" No attempt was made to
determine the applicability of these functions to all the
experimental dtstributions. However, upon investigating
several of the experimental particle size distributions, it
became apparent that a strict expression of each one of the
distributions by any one function, i.e., a straight line plot
on appropriate graph paper, was improbable, thus making the
value of the "graphicsl" method questionable. In addition,
this method would not maku allowance for the possibility that
a particle sise derived in this manner may represent any
number of more or less uniform eLie distributions which happer
to be split into these arbitrary weight fractions. A physically
more meaningful expression should place due emphasis on the
particle characteristic of importance. If a sample is examined,
visually and organoleptically, which has undergone fragmentation,
it becomes ob,'ious that the smaller particles contribute to the
objectionableness out of proportion to their weight fraction
shown in the screen analysis. What is observed visually is
the sum. of the cross sectional areas of the particles. Thus
the number extracted mathematically from each screen analysis
should have a relation to the cross sectional area of a given
weight of particles.

(1)Tate, R. W. and W. R. Marshall. Chem. 6ng. Progress, 49.16i,

226 (1953).
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we assume, for reasons of simplicity, that we are dealLng with spherical
rticles, we can calculate the actual number, n, of particles in each
reen fraction:

w (1)

3 -3

6

where w = weight of screen fraction in grams.

dm = mean particle diameter of screen fraction in
millimeters derived from screen openings; i.e.,
for particles less than 8 mm, but greater than
4•rm, dm = 6 mm.

Y= density of material in grams per milliliter.

The cross sectional area, as, of a sphere is:

2
a -- d m (2)

The total cross sectional area af of an entire ecreen
fraction is obtained by multiplying a. by tIe number of
particlas, n, in that fraction:

2
na5 mnda x maf (3)

Substituting from equation (1) for n in equation (3),
we obtain: (4)

a f 3 W -. 3 x d l 2
d xf x 10

6

W x I x 6
dm 4x16

Equation (4) may be further simplified by eliminating the
numerical constants 1 6 to:

S4 x 10"3

af Uf w

dm

The sum of af of all screen fractions, divided by tne sum
of the weights of all screen fractions, yields a number
which is a function of the cross sectional area of I gram
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of sample, the area number, A:

TwA =f_(af) =f1  •r- (6)

If Ac is the area number obtained for the untreated, uncompressed
control sample, and Ae the area number of a compressed sample, the
fraction Ae is called the Fragmentation Index, If, of the com-

Ac

pressed sample. For comparison purposes, it may be noted that the
area number A obtained for each particle size distribution is
closely related to the reciprocal of the mean volume-surface diameter,

d nd 3
dvs .nd 2

For a complete listing and discussion of the several statistical
mean particle diameters and mean diameters of distinct physical
meaning, reference is made to Dallavalle.y2 )

It is apparent from the derivation of this index that it will
assume the same value whether one product is broken down from 10
to 5 mm or another from 2 to 1 mm. Thus a comparison of the com-
pression effect on different products of different original size
(i.e., chicken vs. rice) is possible.

One limitation is placed on the ultimate mathematical correctness
of this index by the experimental method of the wet screen analysis.
The 100 mesh (0.149 mm) screen is used in lieu of a pan, but the
mean diameter of the smallest sise fraction (the fraction retained
on the 100 mesh "pan") is calculated as one half of the next larger
screen opening, instead of the actual mean, i.e.:

1 0 0.5 instead of:

1.0 - 0.15 = 0.425.

2
This, Af course, weights the smallest fraction somewhat more than
it should be by definition.

Dallavalle, J. M. Micromeritics, Chapter 3. N.Y.,
Pitman Publishing Corp.
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Any trace; of product going through the 100 mesh screen normally are
disregarded. However, when any amount of product goes through the 100
mesh sieve (e.g., untreated chicken meat loses 5%) disregarding this
amount does not yield an index strictly comparable to one obtained on
another product, and an improved method may have to be developed for
this type of product. To date, no significant problem has been encountered.

The following table, Table V , illustrates the method of calculation used
in the reported work to obtain the Index of Fragmentation described here.
Table V also represents the general form of work sheet from which If is
normally computed.

In addition, the area number A for each sample can also be obtained by
using the weight % in each fraction instead of the weight in gms, where
column 8 becomes weight % = 100, column 9 becomes:

weigbt %
dm

,,we ight %L
and A =m

100

However, the weight % itself is a desired result; this method of calculation
is not used since it involves more calculations than the direct method using
the weight in grams.
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RESULTS AND DISCUSSION

SECTION II - REDUCTION OF FRAGMENTATION

I. PEAS

A. REDUCTION OF FRAGMENTATION

The compression of freeze-dried pcas cesults in a complete break-
down of the appearance and structure with a fine powder being the
principal product. The high Index of Fragmentation ý18) for un-
treated compressed peas indicates the severity of this fragmenta-
tion. Two methods of nearly eliminating this fragmentation have
been developed; water treatment and glycerin treatment.

1. Water Treatment

This method involves the partial rehydration of the freeze
dried fo~d to soften the tissue, compressing the food into
bars and removing the water by drying. This method is
preferred to glycerin treatment because of superior storage
stability at higher temperatures (1000F) (discussed below).
The major disadvantage of water treatment is the redrying
operation not requiLed for the glycerin treatment.

A low Index of Fragmentation (I = 1.2) was achieved with

water treatmint (Table VII In tfis method freere dried loose
peas of the usual size (e. g. _/8 " in diameter) were used.
The bulk density of the mass was 0.16 and the apparent density
of the individual peas was 0.28 grams/cc.

The dried peas were sprayed with a fine mist of sufficient
water to raise their moisture content to 6.4%. After two
minutes on a tray open to the atmosphere, 10 grams of the sprayei
peas were compressed to a thickness of about I" with a pressure
of 1100 psi. The compressed bar was dried in a vacuum oven
under a pressure of about lj" Hg absolute at an oven temperature
of 450C for 6 hours to reduce the moisture content to 1.5%.
The resulting dried bar had the same appearance and occupied
the same volume as the compressed bar before drying and had a
density of 0.71 g/cc. It was composed of dried peas, of
flattened or rough pyramidal shape, which retained the light
green color of the criginal dried peas. The compressed bar
could be separated easily into the individual peas with the

fingernails. The bar withstood 5 drops in the "falling ball
test". On full rehydration with boiling water the bar separa....
into its individual peas without agitation and the peas recoverp'

from the flattened state to substantially their original cti,
and shape, all within 6 minutes. The flavor and texture of the
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product were substantially the same as that obtained by fully

rehydrating, in the same way, the original freeze dried peas
without any intermediate steps of partial rehydration, compression
Lrnd drying. Virtually no visible fines were observed. On organ-
oleptic evaluation of this rehydrated product, there was no
powdery feel in the mouth. The peas regained the original full
green color of undried fresh peas.

When it was attempted to compress the freeze dried peas, without
the moisture treatment, the peas broke up into powder losing
entirely their initial shape and form. On rehydration, a large
deposit of fine particles was observed at the botton of the
beaker. On orgarioleptic evaluation, a powdery feel in the mouth
was noted.

Peas have been partially freeze dried to 7.5% moisture, equili-
brated for 2 hours and compressed. This method reduced the If
considsrably (If 1.4). However, it was difficult to determine
the freeze drying end po.nt and several attempts had to be made to
reach an acceptable moisture level. The cohesion of this bar
was poor as compared with water sprayed samples.

2. Glyerin Treatment

Glycerin has also been found to be an effective agent to reduce
the fragmentation due to compression. Although the I obtained
with a 10% level of glycerin (If a 2.8), shown in Tabfe V1, is
higher than the 1.2 obtain4.d with the water treatment, the
glycerin treated product is very acceptable with little fragmenta-
tion.

In this method, a sample of freeze dried cooked peas of less than
2% moisture weighing 85 grams was sprayed uniformly with 15 grams
,)f glycerin, and mixed gently for two minutes. The treated peas
were then heated in a still air oven at 80 0 C for lI hours, gently
stirring every 15 minutes. Samples of approximately ten grams
were then compressed to a pressure of 1100 psig and held for five
seconds using a hydraulic press with preheated die and thermo-
statically controlled plates at 6C0 C. (The resulting bar was
greener and glossier than the compressed bar treated with water).
Rehydration rate for the compressed glycerin treated bar in
boiling water was the same as for an untreated, uncompressed
sample. The density of the treated bar was 0.73 gm/cc. as com-
pared to a bulk density of 0.16 gm/cc, for uncompressed peas.
The bar withstood tuore than 10 drops in the "falling ball "est".
Peas centaining glycerol have been observed 3) to lose their

(3)
V-339, Rpt. 5 (Final) Denison Research Foundation, Contract:

ID19-129-qm-1630, 15 June - 14 June 1961, p. 27.
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surface color in a short time. This effect is apparently a photo-
sensitive reaction, since work on this project shows that color loss
can be eliminated by keeping the glycerol-treatea peas in containers
which prevent or reduce their exposure to light.

3. Other Methods

Treating the freeze-dried peas with propylene glycol will also reduce
the fragmentation; however, the bitter flavor is not as compatible as
the sweet flavor of the glycerin. Ethyl alcohol instead of water can
be used to reduce the fragmentation. With the ethyl alcohol, however,
the If is not as low as water treated peas and the peas must be com-
preesed at an elevated temperature. The alcohol would be easier to
remove after compression than water. Further work on the alcohol treat-
ment was discontinued, however, because of the success of the water
treatment.

STORAGE STABILITY

1. Glycerin Treatment

The treatment of peas with glycerin does not affect their stability
when stored for six months at cycling (0-400F) and at 700, temperatures
However, cbnps in flavor after 700F storage were observed in treated
as well as untreated peas. Glycerin treated peas stored at 10007 are
unacceptable after six mouths storage due to excessive browning. Table
VI gives the pertinent data obtained from the storage evaluation.

To xrnC 4W VAuIyuM sa m ON wa awPIm

sale TrecM or si sLu -if

1 Ion-Compresed - 1

2 Untreated-Compressed 200(C 18.6

3 15i Glycerin 600°C 2.0

4 10% Glycerin 600C 2.8

5 10& Ethyl Al~bhol 20 0 C 5.6

6 10% Ethyl Alcohol 400 C 5.2

7 5n Water 20 0 C 1.2

- 29 -



ba

1; 0
F4-14 E-4 04 towgan a 00

IdI
le.ca: 14 F4 U3ca

V V

*Ujj4iou -o i in. s

NN

r4 t4 In %D en e ujC
4l - 97O. . ..

+44 0

0a O__ 000 00 0 4C n

lii itl 0 0 0 0 r t ;r

"4 "4 -4 a-

.1.4400 "4"0 0 "4 "0 0 '1alel 4 j -4o 4j VO4 0 "4
:ý.-U 0 .. C1. Pg.. 0: P%.g"

I41"

0 30



Not included in Table VIlare rehydration ratio, microbiological
examinations and appearance of bars. Generally, these factors
were not affected by storage. Treating peas did not affect
micro.bial counts nor decrease rehydration ratio. Complete details
are given in previous progress reports.

2. Water Treatment

A limited storage stability study (organo! ptic evaluation
only) indicated that water treatment of peas had no effect on
stability of the peas at 70 0 F and 1000 F. This is a considerable
improvement over glycerin treated peas which were organoleptically
unacceptable after six months storage at 100 0 F.

II. SHRIMP

A. RE)UCTION OF FRAGMENTATION

The freeze dried shrimp used for the purposes of this contract
were commercial whole shrimp (26/29 per lb. when rehydrated)
obtained from United Fruit and Food Company and had a moisture
content of 1.6%. Freeze-'ried shrimp are very fragile; therefore,
compression Qf tbe shrimp into food bars causes considerable
fragmentation. This fragmentation adversely affects the palatabil-
ity of the rehydrated shrimp producing a high percentage of fines
and breaking down tb texture a the larger pieces to a softer, more
fibrous texture. Reduction of fragmentation has been achieved by use
of glycerin, propylene glycol or water.

1. Glycerin Treatment

Treating shrimp with glycerin at levels of 10 to 20% will soften
the texture resulting in a reduction of the fragmentation due to
compression. It was found that spraying was the most efficient
method of applying the glycerin. Beat results 8an be obtained
with glycerin if the shrimp is compressed at 60 C . This was
done by preheating the shrimp in an oven and compressing with
heated molds and compression plates. Some typical values which
indicate the degree of reduction in fragmentation achieved by
glycerin is giwa in Table VIII. Samples oý shrimp treated with
glycerin were pluced in storage.
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TABLE VIII

THE EFFECT OF VARIOUS TREA-•ENTS ON THE I OF FREEZE DR1") SHRIMP

Sample Treatments

1 Control - No compression. i

2 Untreated, aompressed at R.T. 7.6

3 Untreated, compressed at 600C. 5.6

S20% Glycerin-not sprayed on, 3.8

compressed at 60 C.

5 10% Glycerin-sprayed on, compressed at 600C. '.6

6 15% ...... to 1.6

7 10% Propylene Glycol-sprayed on, compressed 1.5
at 600C.

a 15% Propylene Glycol-sprayed on, compressed 1.1
at 600C.

9 5% Propylene Glycol-sprayed on, compressed 1.9
at 60°C.

2. Propylene Glycol'

The use of propylene g'.ycol resulted in far greater reduction
of fragmentation than equivalent levels of glycerin (Table VIII).
A level of 5% propylene glycol reduces the fragmentation to
the same degree as 15% glycerin. Compression at an elevated
temperature (600C) was necessary to achieve maximum reduction
of frismentation. Also spraying was found to be the most
efficient means of application. The storage stability of
propylene glycol treated shrimp is given below.

3. Other Methods

Ethyl alcohol (15%) was also found to be effective in re ucing
fragmentation of shrimp. The shrimp was preheated to 60-C,
mixed with alcohol and then compressed. The heating is
necessary to achieve maximum reduction of fragmentation. The
time lapse between the compression of three replications,
however, was sufficient to aliow much of the alcohol to vaporize.
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This lowered the alcohol concentration and caused rapid cooling
of the shrimp. One or both of these factors were probably the reason
for the progressively greater fragmentation of successive samples
from the same batch (in sequence = 1.4, 1.6, and 3.8). This
problem was not encountered when using the other plasticizers
(propylene glycol and glycerin). Alcohol treatment requires
evaporating off the alcohel after compression which is not necessary
with glycerol or propylene glycol.

Treating the shiimp with watet is another effective means of
reducing the I of comprt - shrimp. An I. of 1.4 wa- obtained

by spraying th; shrimp to -i.sture level of 7.5% before compression.
The rehydration time for w•icer treated shrimp is 30-40 minutes and

the shrimp remainEd flat after rehydration. The redrying step is
required to reduce :he moisture to a level compatiole with prolong-

ed stability. Further work on the water treatment is necessary to
improve tht, rehydration rate cf the shrimp.

E. STABILITY OF SHRIMP

1. Storage

Samples of treated shrimp and non-treated shrimp were placed in

storage for six months at temparatuces specified in the contract
(700, 1000 and cycling). These samplei included compeessed
shrimp with 5% propylene glycol treatment, 15% glycerin treatment,
and non-treated shrimp with and without compressiou. The treated
samples were compressed at 600C.

Evaluation of thehe samples was made initially and after six
months storage. Complete data from these evalua*.ions we given in

the progress rerorts for this contract. However, Table IX gives
some of the mort important results. Not included in this table
is rehydration atio, microbiological examirvAtion and appearanc2
of bar. Generally these factors were not affected by storage. fhe
microbiol.ical tests indicated that treating the xhrimp did not
increase microbiological act4.vity.

- 33 -



10001O4IFiI 4 I4d1., Fj4 F 4 %4iI -' M i l

70A V ýrn1 -0 4

0N0 '?49 N Ul KI % fl

44 ag 0 :O oC%

0

-D 0@@ 00i 1A60 n0 0 a
. I. r9 * *

toMr bo r.

U177U34114U I.) .4
%. U P0 0 W9 * ý a 94 * a 9 .

*T 12cv -0:s4 g> 4 .0 1 '

itL

a. u v3 10. 0).
Uuuuz Lor >. U

0. =i 4:I. U- r4
gIA 04 z0 0 oz - L n o1. U z

-34 -



III. CORN

A. REDUCTION OF FRAc4ENTATION

Fragmentation of compressed, freeze dried corn has been reduced by
treatment with either propylene glycol or water. ;he proiylen-4
glycol treated corn has very poor stability at 100 r. The water
treated corn,however, has good stability at all tempeLatures inves'-
tigated.

I. Water Treatment

It has been showin experimentally that spraying freeze dried
corn with water at levels of 5-10% will greatly reduce tho
fragmentation with 12% resulting in an If of 1.0 (Table X*)
essentially the same If by definition as the non-compresbed
corn. Higher levels of water, howe,,er, greatly decreased the
rehydration rate while low levels of water increased the rehy-
dration rate but decreased the cohesion. In order to make a
bar with a low I , cohesive enough to withstand normal handling
and that w~-l reydrate within a practical time limit, a special
technique using gum arabic was devised. In this method, there
were used freeze dried loose kernels of sweet corn of the u3ual
size (e.g., J" x 3/8"), which hid been blanched in boiling
water for about 3 minutes before freeze drying and which had a
moisture content of 1.4%. The bulk density of a mass of the
freeze dried kernels was 0.19 and the apparent density of the
individual kernels was 0,36.

The dr.ed kernels were sprayed with a fine mist of a sufficient
amount of a 10% aqueous solution of gum arabic to produce a
product containing 10.4% water and 1% gum arabic. The kernels
were then allowed to stand for 30 minutes on a tray cpen to th...,
atmosphere. At this stage, the surface of the corn appeared
dry, while the interior of the kernel contained sufficient
moisture so that the kernel would yield Aithout breaking wber
squeezed between one's fingers. Thereafter, the zur.7:.ces cf
the kernels were sprayed uniformly with a fine mist of an
addizionral J% (baied on the weight of the previously moistened
corn) of the same 10% gum arabic solution.
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TABLE X

REDUCTION OF FRAQ4YTATION OF CORN

Treatment if

Non-treated, non-compressed 1.0

Non-treated, compressed 5.5

5% Water, compressed 1.1

7.5% Water, compressed 1.0

10.0% Water, compressed 1.0

5% Propylene Glycol 1.4

Twelve grams of the kerrels were then placed in a Carver hydraulic
press and subjected at room temperature to a pressure of 1100
psig to produce a compresseu bar whose thickness (in the direction
the pressure was applied) was about 0.55" and which had parallel
top and bottom faces each 2 square inches in area. The press cycle
was such that it took 5 seconds to reach the pressure of 1100 psig
which was maintained for another 5 seconds, after wbich the press
was opened.

In the comnressed bar the kernels adhered to each other. The bar
had a relatively smooth surface. While the kernels were individually
visible, the crevices or depressions in the surface where the kernels
met each other were very shallow (e.g. less than 1 mm). The compressi-
oar was dried in a vacuum oven undgr a pressure of about li" xg
absolute at oven temperature of 60 C. for 5 hours to reduce the
moisture content to 1.5%. The resulting dried bar had substantially
the same appearance and occupied substantially the same volume
as the compressed bar before drying and had a density of 0.66 g/cc.
It was composed of dried flattened kernels which retained their
original yellow color. The bar could be separated into the individual
kernels with the fingernails. The bar withstood 3 drops in a "failing
ball test'" described previously without cracking.

The dried bar was fully rehydrated within 5 minutes by placin8 it
in a beaker containing 150 cc. of boiling water and allowing to
stand without further heating. It separated into its individual
kernels without agitation and the kernels recovered from the
flattened "tate to substantially their origii.al size and shape.

- 36 -



The flavor and texture of the product were substantially -he same as
that obtained by fully rehydrating, in the same way, the original freeze
dried corn without ony intermediate steps of partial rehydration,
compression and drying. Substantially no visible fines were observed.
When this experiment was repeated, except that the second spraying was
omitted, the kernels would not retain the bar shape after compression
but broke up into individual unfragmented kernels when it was attempted
to remove the bar from the mold. When gum arabic is omitted from the
water, the bar is less cohesive and less resistant to cracking in the
"falling ball test".

By comparison, untreated freeze dried corn breaks up into powder upon
compression, losing entirely its initial shape and form. On rehydration,
a large deposit of fine particles is otserved at the bottom of the
beaker.

2. Propylene Glycol Treatment

Treating the freeze dried corn with propylene glycol prior to compression
significantly reduced the fragmentationdue to compression. Optimum level
and temperature of compression were selected as 5% at 60 0 C compression
t emperature. This treatment reduces the I amount from 5.5 to 1.4. The

compressed bar rehydrates quickly in boiling water, without agitation
and regained the shape and appearance of uncompressed corn with few fine
particles being observed.

In this method eighty grams of freeze dried corn were sprayed uniformly
with four grams of propylene glycol and heated in a still air oven at
60 0 C for one hour. Samples of approximately 11 grams were then compressed
to a pressure of 1100 peig and held for 5 seconds using heated die and
plates at 60 0 C.

The density of the compressed treated bar was 0.7 gm/cc as compared to
a bulk density of 0.19 for untreated uncompressed corn. The bar was
sufficiently cohesive to withstand three impacts in the "falling ball
test". Similar rehyeration rates were found for the treated bar and
untreated uncompressed corn.

As mentioned above and again later in detail the propylene glycol
treated samples store very poorly at 'O0°F. The advantage of this
treatment, however, is that a redrying step (necessary in the water
treatment) after comprAshion is not required.

Another experiment in which the propylene glycol was removed from
the compressed bar indicated that this could be used to increase stability
of the bar. A propylene glycol treated compressed bar was placed in a
freeze dryer (not frozen) and sabjected to 807F heat from radiant plates
for 1-5 hours with vacuum less than 10 microns and condcnser temperaturk
at -SC0P. Every hour a sample was removed from the fraeze dryer and
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packaged in poly-foil-poly poucher. Storage of these
samples for six months indicated that samples remaining
in the freeze dryer three or more hours did not become
brown. Propylene glycol samples put into the vacuum
chamber less than three hours had off flavor and color due
to browning with the greatest browning observed in control
samples (not subjected to propylene glycol removal by
vacuum). Rancidity was not observed in any of the propylene
glycol samples.

Since a redrying step is necessary for propylene glycol
samples to obtain good stability, there seems to be no
advantage to this method over water treated samples which
also need redryirg.

B. STABI JITY OF CORN

1. Water Treatment

A complete storage series has been rur on propylene glycol
treated corn as noted below. The water treatment was
developed later and, sine- n; residual additive was involved,
organoleptic evaluAtions were felt to be all that were
required within the terms of the contract.

In the limited storage test it was found that organoleptic
qualities of water treated samples compared favorably with
the untreated samples wiLh no flavor changes noted afte5
six months storage at 70 F& 100 F, and cycling (350 - 0 F).
Occasional samples showed rancidity but, since the corn
wab cbtained from comercial sources, it is believed that
repackaging of the corn was responsible for this and that
freshly prepared nitrogen packed freeze dried corn would
not be expected to go rancid.

2. Propplene Glycol Treatment

Data in Table XI indicate that treating corn Lcreases
storage stability of samples at cycling and 700 F. Treated
samples rated better with respect to fresh corn flavor
retention than did the untreated corn both compressed and
non-compressed. At 1000F all samples were unacceptable
because of excessive browning in treated samples and
oxidat'ive rancidity in untreated samples. Generally these
factors were'not affected by storage. Treating corn did
not affect microbiological counts nor decrease rehydLation
ratio. Complete details are given in previous progress
reports.
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IV. CHICKEN

A. REDUCTION OF FRAGMENTATION

The use of propylene glycol or glycerin also proved
effective in reducing the fragmentation of chicken.
Chicken bars formed without treatment had no cohesion
and when rehydrated had a powdery mouthfeel due to
excessive fines produced by the compression.

I. Propylene Glycol and Glycerin Treatment

The fragmentation of chicken bars was reducedi from an
If of 4.5 for untreated chicken to 1.2 and 1.6 for
propylene glycol- and glycerin-treated chicken, respec-
tively (10% level). The methc,.. was the same for
both treatments, In each met-- d, 90 g of screened
J" freeze dried chicken cubts .ntaining less than
2% moisture were sprayed uniformly with 10 grams
of the additive and heated in a still air oven at
60 0 C for one hour. Samples of approximately 10
grams were then compressed to a pressure of 1100 psig
for a periodSof 5 secondo using a die and plates
heated to 600C.

2. Other Methods

Treating chicken with water prior to compression
greatly reduces the fragmentation. However, because
of the good results obtained with glycerin-treated
chicken in storage stability studies, further work
on water treatment was discontinued.

B. STOUAGS STABILITY

The data in Table XII indicate that glycerin and untreated
chicken had excellent stability at cycling and 70°F storage
temperature. The propylene glycol sample scored lower
at 700 F storage because of browning.

o
At i00 F storage temperatures, the propylene glycol
treated sample was unacceptable and the other samples were
acceptable but received lower flavor score.

Since no significant changes after storage were observed
in the microbiological examinations and the rehydration
ratiosn the results are not included in Table XII. The
number of microorganisms in all samples remained low
throughout the six months storage with no significant
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differences obse've'! because of treatments on storage
conditions. Also, there was no change after storage in
the appearance of the bars (shape, cracking and surface)
other than color which is reported in Table XII. Complete
results are given in Progress Report No. 5.

V. PEACHES

The dried peaches used for the purpose of this contract were
commercial halves (ca. 12% moisture) obtained from Seeman
Bros., Inc. These peaches, compressed at 1100 psi, did not
present a fragmentation problem. Organoleptic analyses of
compressed vs. uncompressed peaches indicated only that the
compressed peaches may ha-e a slightly softer texture but were
definitely not less objectionable. Visual inspection of the
peaches did not show any damn.ge to the skin or irterior of
the peaches that was peculiax to the compressed peaches.
However, the presence of a small amount of fines was observed
in the rehydration liquid of the compresred sample. This
increase of fines in reflected in the I of 1.4 for the
compressed peaches. It was found that £ven this amount of
fines could be reduced, however, by compressing the peaches
at 60 0 C to yield an If of 1.2.

Since peaches do not require treatment to obtain an acceptable
bar, storage studies on this item were omitted.

VI. RICE

Precoiked rice used for the purpose of this contract contained
8% moisture. The commercial product with 8% moisture (Genural
FoodeltMinute Rice) was dried to 3% moisture in an air oven
prior to use. In the case of rice to be treated with water
prior to compression a described below, the predrying step
was omitted. Upon compression, the dried rice undarwent severe
fralmentation with no grains of rice remaining on the top screen
in the fragmentation test. (If = 4.7).

A. REDUCTIOIO OF FRAGMENTATION

1. Effect of Moisture on Index of Fragmentation

The fragmentation. of rice was substantially reduced
by spraying the rice with water. The moisture level
of 17.5% wam selected as optimum (Table XIWD. A
lower level of muisture increased the fragmentation
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and considerably more moisture was needed to reduce the fragmentation
significantly.

Spraying the :ice with water to a moisture level of 17.5% and compressing
immediately resulted in an extremely cohesive bar which required over an hour
to rehydrate. The reason is believed to be due to the sticky moist surface
,f the rice grains. Allowing the rice to equilibrate at room temperature for
at least 31 hours allows the surface to dry enough so that subsequent com-
pression resulted in a bar which rehydrates in 10 minutes.

The use of a fan was found tobeamore efficient way of reducing the stickiness
of thn surface of the rice griins. Using this method, rice can be compressed
5 minutes after spraying is completed. Bars made in this way rehydrate within
5 minutes but have poor cohesion. It was found that an optimum level (10%)
of gum arabic dispersed in the water sprayed on the rice successfully increased
the cohesion without decreasing the rehydration rate.

Samples of rice, using the gum arabic solution and fan method, were made and
evaluated for six months' storage stability. The method of preparation and
physical characteristics are given below.

The rice was sprayed with a 10% gum arabic solution to final moisture of
17.5. The sprayed grains were then spread out under a an 12" above the rice
for 5 minutes in order to dry the outermost surface of -e grains. Samples of
approximately 20 grams were then compressed and dried I a vacuum oven for
5 hours at an oven temperature of 70"C to a final moist ire of 3.9%.

The treated bar had a density of 0.71 gm/cc; the bulk dtiusity of the rriginal
' 'ute Rice was 0.39 gm/cc, and the apparent density of each of the individual

Minute Rice grains wai about 0.77 gm/cc. In the "falling ball" test, the
treated bar was sufficiently cohesive to withstand three impacts. The rehy-
dration rate in boiling water for the treated, compressed bar and untreated,
compressed bar was the same. Separation and rehydration of the rice grains
occurred within 5 minutes.

2. Propylene Glycol. Glycerin and Other Treatments

Treatment with glycerin, propylene glycol, ethanol and cottonseed oil,
even when allowed to equilibrate for as long as 14 days, did not reduce the
fragmentation significantly. Combinations of these treatments with heating
before and during compression was ineffective. It is noteworthy that none
of these agents with which the rice was treated as mentioned above produced
any noticeable softening of the texture of the dry rice by organoleptic
examination.
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TABLE XIII

MOISTURE LEVEL - vs. INDEX OF FRAGMENTATION OF RICE

Sample No. Total Moisture Level If

1-79A-7A, B 5.0% 4.8

1-79A-IA, B 8.2% 3.8

1-79A-2A, B 9.7% 2.8

1-79A-3A, B 12.6% 2.2

1-79A-4A, B 14.6% 2.2

1-79A-SA, B 16.7% 1.9

1-79A-.6A, B 17.5% 1.7

1-79B-8A, B 19.0% 1.7

1-79B-9A, B 24.2% 1.8

1-79B-1OA, B 27.0% 1.2

B. PRODUCT STABILITY

1. Storage Stability

Data for storage stability evaluations of the treated iice
bare are tabulatea in Table XIV. It is seen that the wcter
treatment described above did not affect storage stability
at any of the temperatures investigated, indicating complete
success for this product in all phases of evaluation.
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VII. ONIONS

The dried onions used for the purpose of this contract were
commexcial "chopped onions" (3% moisture) obtained from
Basic Vegetable Products, Inc.

A. REDUCrION OF FRAGNTATION

Commercially dried chopped onions vary in size considerably.
The fragmentation of compressed onions with no treatment
is not as obvious as it is with some other foods because
of this variation, and the fact that even though the
larger pieces are reduced in size upon compression,
there is not a great increase of very fine particles.
However, the appearance after compression and rehydration
of untreated chopped unions resembles that of a much
fine grad of ched product, than the rehydrated control.

TeIdo,o :,co aa~eue on ons wit no treatment was cal-culatetob 2.7

1 Water Treatment

Spraying onions with water was found to be highly
successful in reducing fragmentation. Moisture
levels and equilibration times were varied between
6 and 12%, and 2 and 6 hours, respectively, to
determine the optimum combination. Considering
minimum moisture and esuilibration time as a matter
of prattiealit• a 9% moibture level with three hours
equilibration was considered optimum. An If of
1.3 was attained using this treatment. Results are
tabulated in Table XV,

Upon compression, whether treated or n•t, che onions
exhibit an undesirable metallic taste. Cottonseed
oil# hydrolgepated vegetable oil, and Durkex 500
(blend of vegtable oils) were sprayed on the onions
both prior to and after spraying with water. All
oils were found to be effective in considerably
reduring the off-flavors due to compression, with
a slight flavor preference for samples sprayed
prior to water treatment rather than after water
treatment. Rehydration was also enhanced with use
of the oils. Index of Fragmentation was not affected.
For these reasons, onions for storage evaluation
voee sprayed ,[th a vegetable oil (Durkex 500) to
a level of 4%. allowing one hour equilibration before
treating with water (9% level).
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TABLS XV

3U)UCr1ON OF V3AGQWATION Of C0CC23SSSD ONIOUS

Additive Level Temp. of Compression Uguilibration

6% Moisture R. T. 2 brs. 1.4

of " " " 4 1.3

"f " " " 6 1.5

9% Moisture of 2 1.3

"t to " " 3 1.3

""s es s4 1.1

"o " of of 6 1.0

12% Moisture " 0 2 1.1

"to " " " o4 1.0

"of " of to 6 1.0

10% Propylene Glycol -S0°C 20 1.2

l1l Glycerin 600C 20 1.2

2. Prowlene Glyco1 and Glim..rLn Treatments

Treating the oaLose with proplese glycol or glycerin to a level of
1011 reduced the I to 1,.2 The trestuat. however, required 20 hours
of equilibration W q.omressLon at 60%C* Off flavors that developed
due to compresesom could not be eliainsted by treatment with oil
as was possible with the watir trestmant.

3. flcrsxuu

Onions for stability tests were treated with vegetable oil to a level of
4#. equilibrated for one hour, and than sprayed with water to a level of
9%. After three more hours equilibration, the emples were compressed
and redried in a vacuum oven at SON9 for 5 hours. Control samples
(not treated or compressed) and compresed samples. (not treated, but
compressed) were also placed in storage for comparison. Storage stabilic.,
evaluations for initial and six months storage are presented in Table XVI.
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Although in virtually all cases, the flavor was adversely
affocted by storage, the treatment itself contributed a burnt oil
flavor to the onions. The treatment also affected the aroma
of the product which became more objectionable at h&er storage
temperature. The browning reaction observed at 100 F for the
control and untreated samples was intensified by the treatment used
to reduce fragmentation.

VIII. GROUND COOKED BEEF

The beef used for the purpose of this contract was cooked ground
(*" plate) freeze dried beef (2-3% moisture) from Wilson & Company.

A. R•DUCTION OF FRAGMENTATION

1. Propylene Glycol Treatment

Heat combined with glycerin or propylene glycol has
resulted in a considerable reduction of fragmentation
(Table XVII). However, organoleptic evaluations of
treated beef bars indicated that glycerin was incompatible
with the beef flavor while levels of up to 10% propylene
glycol were considert-d compatible. Therefore, samples
treated with 10% propylene glycol, equilibrated one hour
at 60 C and compressed with heated molds and plates (60 0C)
were placed in storage for evaluation after six months.

2. Water Treatment

Water is also effective in reducing the fragentation of
beef. As shown in Table XVII, spraying the beef to increase
the moisture level by 10% and compressing at 60 0 C resulted
in an I of 1.A. The water treatment was developed after the
propyl;Ae glycol treatment; therefore, storage evaluations
have not been made on the water treated samples. Further
work is necessary to improve the poor rehydration rate of the
water treated samples, However, because of the poor storage
stability of propylene glycol samples, it is believed that
the water treatment is the most promising approach at the
present time.
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TABLE XVII

ziMCcS OF VARIOUS TREATMZNTS ON I f OF SSW

SaMple Treatment

1 Control - no compression. 1

2 Untreated - compressed at R.T. 5.9

0
3 Untreated - compressed at 60 C 5.0

4 15% Glycerin - compressed at 60°C 3.1

5 15% Propylene Glycol - compressed 1.6

6 10% Propylene Glycol - compressed 3.4

7 5% Water; compressed at R.T. 1.8 - 1.9

8 7.5% Water; compressed at R. T. 1.9 - 2.0

9 10% Water; compressed at R.T. 1.7 - 1.8

10 10% Water; compressed at 600C 1.4

I. I O a UTAZLU2TT

The 1•% propylee glycol treatment affected storage stability
at 70-F and I00"V causing a browning reaction. Samples not
treated and stored at 1000V were also considered unacceptable
because of a high level of rancidity. Complete evaluation
is reported, but flavor changes are most significant.

Since ni significant changes after storage were observed in
the microbiologiea, examinations and the rehydration ratios,
the results are not included in Table XVIII. The number of
microorganisms in all samples remained low throughout the
six months storage with no significant differenceof observed
because of treatments ow storage conditions. Also, there was
no change after storage in the appearance of the bars (shape,
cracking and surface) other than color which is reported in
Table XVITI. Complete results are given in a previous progress
report (No. S).
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IX. DEIV STDJ

The beef gtew (LP/P. DNS C-187-62) used for this investigation
consisted of freeze dried beef, potatoes3 arrots and pea3 along
with spices and gravy. The formula is given above (MATEIALS
AND MEMrODS, I., G., SSW ST3W).

Upon compression of a sample of beef stew with no treatment,
all the vegetables and the meat were very badly fragmented.
(If of 5.0).

A. *RSUCTION OF FlRAGENCTAT13 BY WATER TIAThIfT

Water treatment of beef stew was found to be so
successful in reducing the fragmentation that no other
additives were investigated.

During the early stages of the investigation, it was
concluded that the gravy mix should not be treated together
with the other components, but added just prior to com-
pression, Spraying the beef stew with the gravy mix
present produced an unacceptable bar. The gravy mix
absorbed most of the water causing incomplete rehydration
and high frapmatation of the meat and potatoes.

ObservatLms were made on each component separately to
determine minima levels of moisture required to reduce
frap.Vtation to acceptable levels, The optimum level
foWd for esoc component with one hour equilibration is
tabulated below.

Ct S Moisture Level Added

Potatoes 15%

Carrots 5%

P@es 5%

Meet 15%

Sprayin.g all the components together, excluding the gravy
mix, to an overall added level of 10% of water with one
hour equilibration time reduced frapentations to an
acceptable level (If a 1.6). It was found that enough
moisture was added overall to meet the minimum levels
for each component except meat an stated in the above
table. This was established by weighing each component
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before and after spraying and equilibration. A typical test is shown b.alo

Approx. %
Compoaent Wt. 3efore.Spraying Wt. After Spraying Added Moistur,

Meat 9.8 10.5 7%

Peas 1.1 1.5 15%

Onions 0.7 0.8 12%

Carrots 1.2 1.6 25%

Potatoes 3.2 3.75 14%

Overall 16.0 17.95 11%

Although the meat did not meet the minimum level required for it, the othL
components added enough cushioning effect to reduce breaking up of the
meat. The oniont being such a small part of the overall stew, created no
problems at any time.

Spraying the stew to lower levels than 10% was insufficient to meet the
minimum levels, especially for the potatoes, and higher If was obtained.
Lower equilibration times also lessened the reductions in fragmentaticn.

Upon studying the two tables above, the moisture content of thp carrots,
onions and peas could be reduced substantially without increasing frag-
mentation.

The only possible w.hod, however, of obtaining optimum moisture levels
for each component is to spray each one separately. This method was
successful in reducing fragmentation even further(If of 1.2) and also
increasing rehydration properties. Although the overall moisture could
be reduced, the advantages pined by this method dLd not warrant the use
of this complicated procedure over the 10% spray treatment.

The preferred method used for preparing beef stew for storage stability
tests is as follows:

1. Spray formula proportions of the beef, carrots, potatoes, peas,
and onions together with sufficient water to raise mois Lure level
of the mixture by 10%.

2. Allow to equilibrate for one hour in a closed container.

3. Mix in the gravy and spice mix and compress immediately.
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4. Redry the beef stew bare in a vacuum oven for 5 houre
at 60 0 C.

F. PRODUCT STABILITY

Storage stability tests were made on beef stew bars after 21
months storage and are tabulated in Table XX. The flavor of
the meat was seriously affected by the storage at 700 and
1000F. There did not appear to be any change in flavor of the
vegetables during storage.
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X. RAW BEEF

The raw beef used in this project was purchased, cut
and cubed according to, Military Specifications LP/P,
OES C-20h-60. U. S. Standard grade or better was used,
cut into pieces approximately I" thick perpendicular to
the fibers, and approximately 1" x 11 parallel to the
fibers. The beef was then freeze dried in a RePP Freeze
Dryer to a final moisture of less than 2.5% (fat-free basis).

A. ]iUbUrION OF FRAGEENATION

Freeze dried raw bee4 compressed without any treatment,
fragmented severely. The meat was completely broken
up into small pieces and fines. (If = 7.0).

1. Water Spray

Fragmentation of freeze dried heef can be greatly
reduced by treating the beef with water. Using
methods similar to those for other foods mentioned
in thim report, water was sprayed on at various levels
(5-12%) to achieve optimum reduction of fragmentation,
cohesion and rehydration characteristics. In the
case of beef, however, the minimum level of water
(8%) needed to substantially reduce fragmentation
was too high to permit rehydration of the compressed
bar within a reasonable time. At an 8-12% water
ldvel, the meat surface was sticky canusing excessive
cohesion and subsequent poor rehydration. Of the
ingredients tried (i.e., starches, gums and sur-
factants) a modified tapioca starch (Cr.'stal Sum,
NAtVonL Starch Co.) added to the water sprayed on
wiss found most successful in reducing the rehydration
time of beef sprayed at 8-12% water level. However,
the Crystal Gum imparted a slight off flavor to the
bee' and was considered unacceptable for this reason.

2. H=.idificatLon

A new method of introducing moisture was then
developed for the raw beef which involved equilibration
in a high humidity chamber tc an added moisture level
of 8%. This method yielded bars with less fragmentation
(If a 1.3) than a comparable water level using the
hater opray (If = 3.1). Rehydration occurred within
25 minutes (25 minute6 rehydration is also required
for non-compressed raw beef) and the bar had fair
cohes ion.
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The freeze dried meat was subjected to high humidity (approximately
88%) in a sealed chamber witb good surface-to-air contact for a
period of about 25 minutes. The added moisture levl was about
8%. The moist air was circulated by a fan to increase rate of
moisture pick up. This pcocedure eliminated wet spots on the
surface of the meat which had previously caused the excessive
adhesive effect. The beef was compressed to 1100 psi with the
fibers oriented parallel to the direction of compression. It
was found that compression of meat oriented perpendicular to the
line of compression had comparativeLy poor rehydration character-
istics. After compression, the bar was redried to a moisture of
less than 2% in a vacuum oven at 40°C for 8 hours. Treating the
meat in this manner gave the beet overall results of all treat-
ments investigated and was used in preparing samples for storage
stability.

3. Other Treatments

A number of approaches iere tried during the course of this project
in an effort to: a. reduce fragmentation due to compression;
b. increase the rate of penetration of water into the meat pieces:
or c. increase the rate of separation of individual meat pieces
during rehydration so that ail possible surfaces would be exposed.
Among thoseý treatments which were considered to contribute little
or nothing to the purposes of this project ma. be listed the
following:

. Spraying and equilibration with p:opylene glycol before
compression.

. Rehydration with solutions of surfactants.

• Dusting surface of meat pieces with starch before compression.

S Spraying with emulsions of oil, water and emulsifier before
compression.

. DippLng meat pieces in beef tallow.

. Spraying with ethanct.

Equilibrating and compressing at temperatures from ambient to 60 C.

Incorporation of gum (arabic) into water spray used to soften
meat pieces.

Treatments were c-visiiered ineffective if bars did not separate
into component pieces or if p~eces did not rehydratt completely
within a reasonable (=n4 %our) time in room temperature watet. No
measurements of Index of Fragmentation were considered valid unless
performed on fully rehydrateJ product.
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B. PRODUCT STABILITY

Samples of freeze dried raw beef bare prepared by the
humidification method (X., A., 2., above) were placed in
storage with untreated, non-compressed controls and with
untreated, compressed controls. (Table XX). The flavor
of both the trcated bars and the controls were considered
poor after six months at all prescribed storage cornditions.

X1. SPINtCH

The materiale. used for this study was conmercial frozen
spinach, cooked, refrozer. and freeze dried by Tronchemics
Research, In-.

A. LNDEX OF FRAGMENTATION

In considering a method to be used for determining ar
"Index of Fragmentation" f6i spinach, it was anticipated
that the two-dimensional nature of spinach might make
this product unsuitable for application of the screen
analysis method developed and used for all other products
studied during the course of this project. It was believed
that large spinach leaven might tend to "blind" the openings
of the larger sieve sizes used in the method for deter-
mining Index of Fragentation described earlier in this
report. If such "blinding" occurred, it was expected to
be difficult or impossible to achieve a satisfactory separ-
ation of fragmented spinach particles from larger pieces.

Ho•ever, the Standard Wet Screen Analysis procedure was
found to perform well in measuring the degree of frag-
mentation due to compression. This method, therefore,
provides the basis for results recorded in Table XXI.

Another method to measure the fragmentation of spinach
due to compression is based on the water holding capacity
of various sizes of leaves or l.eave pieces. Data (Progress
Report No. 6) showed that the higher the degree of frag-
mentation, the lower the total weight of the rehydrated
tissue and vice versa. In later studies, this method waa
found to be an reproduci~ble as the Standard Wet Screen
Analysis procedure. However, the Wet Screen Analysis
prodedure was selected for evaluations performed during
this contract in order to provide uniformity of results
and identity of the definition of the term "Index of
Fragmentation".
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B. iUDUCTION O' FIAGQITMATlOI4

Freeze dried spinach is extremely fragile and is frapented
severely (If x 6.8) by compression. Upon rehydration of
the compressed material, the appearance is that of a coarse
puree, with many small pieces visible.

1. Water Treatment

A cohesive, rapidly rehydrating spinach bar, with little
or no Zragmentation, was made by spraying freeze dried
spinach with 10% water (optimum) and equilibrating in
a closed container for 30 minutes prior to compression.
After compression, the water is removed in a vacuum oven
at £45500C for at least 6 hours. Moisture content of
the dried bars ranges between 1.3-1.8%. The density of
the freeze dried spinach increases from 0.18 to about
0.67 g/cc. due to compression. The rehydration time of
these bars is about 15 minutes in warm water and only
2-4 minutes in water poured from a container of boiling
water.

During rehydration, the individual leaves and large
sections of spinach leaf can be seen to unfold as the
bar expands to several times its original volume. Little
or no agitation is required. The appearance is essentially
identical to that of the uncompressed control.

This method is the preferred procedure by which bars

were prepared for storage,

2. Glycerin Treatment

Glycerin treatment alone did not reduce the fragmentation
due to compression of spinach significantly. Spraying a
1:1 ratio. of glycerin and water did reduce the fragmentatior
effectively. This reduction appears to be due mainly
to the water part of the treatment. Results are reported
in Table UX!.

C. STOMOK s8TILIT, O? SPlNACH

Table XXI summarises the stability evaluationsof spinach bars
at sero time and after six months storage. Results after six
months storage show an insignificant decrease of pH of all
samples stored at 100oF. Off flavor had developed in samples
stored &t 70OF and 1000F. Samples stored at 100 F also lost
some of their color intensity. These undesirable changes
appeared in all sauples, whether treated or untrtated, com-
pressed o: not compressed. Despite these undesirable chan9 e
in the &lavor and color of samples stored six months at 70 F
and 100 Ftinwere still considered acceptable by the evaluating
panel.
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XII. CHILI CON CARNE

Ingredients of dry chili con came (59% beans, 25% ground beef and
16% seasoning mix) used in this study were prepzred according to
Military Specification LP/P DES C-186-62. The seasoning mix was
prepared from tomato powder (41.2%) dried soup and gravy base, beef
(25.1%), chili powder seasoning (18.9%), salt (14.7% and garlic
powder (0.2%).

A. REDUCTION OF FRAGMENrATION

Compression of chili con carne resulted in considerable fragmentatic
of both the freeze dried beEg and bean components (If = 3.6). The
appearance of the rehydrated product was unattractive due to the
lack of typical whole beans in the mixture.

Water treatment of the complete formulation by the spray technique,
found successful in other products, was evaluated. After equilibra-
tion, it was found that most of the water spray had been absorbea
by the seasoning mix and fragmentation of beans and meat upon com-
presnon was still severe. No means was found for spraying water
on the complete chili con carne mix to accomplish substantial
reduction of fragmentation without encountering other problems
due to excessively wet seasoning mix, etc.

Further studies were directed toward separate water treatment-
of the beans and beef.

It was found that a water spray treatment (20-30%) of beans
followed by an equilibration time of 2 hours prior to compression
was the moat effective treatment to reduce fragmentation of the
beans due to compression.

Spraying beef with 10% water followed by a 30 minute equilibration
time was found to be effective in reducing the fragmentation of t"
beef duo to compression. Other approaches to reduce fragmentation
due to compression of both beas and beef, including the spraying
with glycerin, propylve glycoland applying heat, were not effective
in reducing frapentation.

It was found that spraying the beef, equilibrating the beef and
beans each according to the optimum conditions, followed by com-
bining with dry seasoning mix and compressing was the most
effective method of reducing fragpentation. The procedure adopted
is described in the following.

1. Water Treatment of Chili Con Came

The bean component of the chili con came formulation was
sprayed with water to a mois-,ure increase of 20% and the
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sprayeu product was placed in a closed container to
equilibrate for 1.5 hours. Thebeaf component was sprayed
with 101 water and added to the beans at the and of the
1.5 hour equilibration time. The combination of beans and
beef was further equilibrated for an additional 30 minutes.

The formula quantity of dry seasoning mix was then added
to the equilibrated beef and beans, mixed thoroughly and
bars were compressed at 1100 psi. After compression, the
bars were dried in tha vacuum oven at 50 0C overnight.

The above technique was used for all bars prepared for
storage evaluation as reported in Table XXIII.

B. STABILITY OF CHILI C0N CARNI

InLitial and four months storage evaluations indicate that
treatri chiV! bars are considered to be stable and received
a high uvcrall rati ng score when compared with the control.
Bars stored at 100WF seemed to have lost some of their
flavor characteristics. Other evaluations of various treat-
ments 'after four months storage were unchanged compared to
the initial results. (Table XXIII).
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XIII. MUSHROGES (Agaricus campestris)

Materials used in this study were 1.) freeze dried diced
mushrooms prepared by United Fruit & Food Corporation
(p1 6.5, moisture 1.3%); and 2.) cooked t.-eeze dried diced
mushrooms prepared by Tronchemics Research Incorporated
(pH 6.6, moisture 1.5-2%).

A. R*DUCTION OF FRAGKBMTATION

The compression of freeze dried mushrooms results in
considerable fragmentation. (I = 14 0). The com-
pression of the raw mushrooms obtained from United Fruit
increased rehydration time from 3 minutes to more than
2.5 hours. On the other hand, the compression of the
cooked mushrooms prepared by Tronchemics Research in-
creased rehydration time from 3 minutes to less than
25 minutes. The Statement of Work of this project
does not specify cooked mushrooms, therefore the cooking
process described later is regarded as an important
step in the process developed to prepare compressed
mushroom bars with substantially no fragmentation
(I a 1.4). The Index of Fragmentation of raw mush-
rogs could also be reduced to about 1.4, (see Table
XXIV), but rehyaration was so long that the product
was judged to be virtually inedible.

1. Water Treatment of Cooked Mushrooms

Cohesive, relatively rapidly rehydrating bars with
little fragmentation have been successfully developed.
These bars were made as follows: Fresh mushrooms
were diced (I" x I" x j'). Dices were placed in
a 2% MaC1 solution to retard enzymatic and oxidative
browning. After accumulating enough sample, the
dices were transferred into a pan with boiling
w&ter and cooked for 40 minutes. The material was
then cooled to room temperature, frozen and freeze
dried. The freeze dried mushrooms were uniformly
sprayed with 5-7% distilled water and equilibrated
in a sealed container for 25 minutes prior to com-
pression at 1100 psi. Compressed bars were then
dried in a vacuum oven overnight at 50 0 C. This
treatment reduced the Index of Fragmentation from
14.0 1 3.0 for the control to 1.4 * 0.3 for the
treated sample. The rehydration time was also
reduced from more than 2.5 hours for the control
to less than 25 minutes for the treated sample
(Table XXIV). This method was not developed early
enough to be used for storage studies.
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2. Water Treatment of Uncooked Mushrooms

Freeze dried diced mushrooms from United Fruit & Food
Corporation were used in this mi.thod. Five to ten per cent
distilled water was sprayed evenly on the mushrooms and equil-
ibrated in a sealed container for 30 minutes prior to com-
pression. The compressed bars were then dried in a vacuum
oven overnight at 500C. This treatment reduced the Index of
Fragmentation from 14.0 ± 3 for the untreated compressed
samples to 1.4 t 0.4 fcr the treated compressed ones. But
the rehydration time was increased from about 3 minutes for
the untreated not compressed control to more than 2.5 hours
for the treated compressed samples. (Table XXIV).

Bars prepared by this treatment were evaluated initially and
after storage for 6 months. The evaluations of the stored
bars are not reported here since neither the fresh nor the
stored bars were considered suitable for food use due to
excessive darkening which occurred during the long rehydration
time. However, little change in the character of the bars
seemed to have occurred during storage.

3. Other Treatraoi.ts

Prior to reaching the most effective treatment to reduce both
the fragmentation and rehydration time of a compressed mushroom
1ar,Imy wiucceusful attempts were conducted primarily to
reduce the time of rehydration, such as:

a. Spraying a 10% s.jpensLon of Crystal Gum Starch (modified
tapioca, a product of National Starch & Chemical Corporation)
prior to compression.

b. Surface drying of water sprayed mushrooms in a forced air
oven prior to compression.

c. Lamination of the compressed layers held together by

further compression.

d. Rehydration in hot water.

e. Infiltrating the raw diced mushrooms prior to freeze
drying with:

(1) 1% CaC1 2 solution.

(2) 1% low methoxy '25-28%) pectin (type pink, a product
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of Colyer Company, Ire.).

(3) 20% sugar solution.

(L4) Enzyme system maue of 0.5% of each pectinase, hemi-
cellu'.ase, dextri'iase1, brosiilain (a protzolytic enzyme)
and Dee-O(enzyme, glucose - gliiconic acid).

XIV. SCRANSLED EGGS

Cooked freeze dried scrambled ýggs prepared according to Military
Specification LP/P DES C-203-63 were used in this investigation.
The procedure described in this 9pecif icat..on was modif ied with
respect to the cooking , eration to prepare partially cooked and
uncooked scrambled eggs as described below.

A. INDEX OF FRAGMENTATION

Attempts to use the standard m~ethod of determining the Index of
Fragmentation (I f) were not succevsful. Spraying the scrambled
eggs during the screening operation broke up the fragile scrambled
egg curds resulting in an erroneottEly high If. Another technique
was developed which replaces spraying with a dipping operation.
This method is described as follows-

U. S. Staodard sieves #5/16, 5, 10, 16 and 200 are used. The
complete set of sieves is stacked in the usual manner wherein the
sieve of the smallest opening (#200) is placed on the bottom. A
harness consisting of three wires (1/8" in diameter) is arranged
with the wires at about equal distance# radially from each other
to support the stack so that all sieves are kept adequately to-
gether during handling. The sieve stack is placed in a vessel
with enough water to cove. all but about 1/3 of the top sieve.
The projecting top of this sieve prevents loss of product during
a subsequent dipping operation.

The scrambled egg sample is placed in the top sieve. The set of
sieves is gently lifted one inch out of the water and dApped again
twice. The purpose of the lifting and dipping operation is to
segregate the various scrambled egg particles into five sizes
represented by the ti-esievev.s. This operation provides a more
gentle action thani the spraying procediure used in the screen
analysis methoi devtloped in this conitract for measuring the
Index of Fraginentatior.

Two dips were found to be r-ufficient to segregate and collect
different particles sizes in the -espective sieves, In the case
of highly fragmented samples, however, one dipping was found to bz



enough since most of the material is collected on the sieve of
the smallest openings (#200) immediately after pouring the sample
on the top steve while the stack is immersed in the water. Draining
the water by liftinr, up the sieves was obrerved to be slow in
the case of highly fragmented samples because the small particles

tend to seal the tinyopenings of sieve #200. The stack must be
lifted from the water gently at the end of theoperation to prevent
forcing fine particles through the smaller sieve openings.

The. iegregated portions on each sieve are collected, filtered and
weighed as in the standard procedure for determining I Tabl. XXV
shows that 89.9% of the total wet weight of the control (cooked,
untreated, uncompressed) samples and 88.2% of the treated (partially
cooked and compressed with heated dies) samples was collected on
the largest opening sieve. Only 1.2% and 1.6% of the total wet
weight respectively was collected on the smallest opening sieve
(#200). On the other hand, none of the untreated compressed sample
was collected on siev-, #5/16, while 83.3% of the total wet weight
was collected on V'. 200 mesh sieve.

The method .. scussed above has been adopted as the procedure to
be used for meAsuring the I of scrambled eggs.

TAELE XXV - WRT WEIGdT OF SCRAMBLED S

(Results are Averages of Duplicates)

S of Vet Weight
13 s. Scaple Treatment Total Wet On Sieve On Sieve

Ut.t #5/16 M

11-1]4-7 Control (cooked, 46.1 89.9 1.2
not treated, not
compressed).

11-11•-8 Cooked, not treated, 25.7 0 83.3
compres sed,

11-114-5 Treated (partially 50.6 88.2 1.6
cooked, compressed
heated die)
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B. REDUCTION OF FRAGMENTATION

The compression of untreated freeze dried scrambled eggs caused
excessive fragmentation of the curds and prevented the scrambled eggs
from rehydrating. Treating the bars with a plasticizer to reduce the
fragmentation further aggravated the rehydration problem. A unique
technique for scrambled eggs was developed which resulted in bars that
rehydrated into a typical curd 3tructure within 3 minutes. This
technique depends upon using partially cooked scrambled eggs in the
bar. Upon rehydration with boiling water, these further coagulate
to form the curd structure expected in scrambled eggs.

1. Partial Cooking Treatment

A partial cooking of scrambled eggs prior to freeze drying was foui.i
to provide the best means of producing a compressed bar which would
rehydrate with typical scrambled egg characteristics.

A typical preparative procedure for partially cooked scrambled eggs
is as follows:

5016.8 gm. raw, scrambled egg mixture (75% eggs, 24.16% water and
0.39% salt) was poured into a six gallon capacity kettle. This was
placed in a boiling water bath and the eggs were cooked with contlr:-.
uous stirring. Cooking was stopped when the eggs were judged
(subjectively) to be 50% coagulated. The operation required 131
minutes and the highest temperature of the scrambled eggs reached
at the end of this period was 770C. The product was spread to one
half inch thickness on trays, cooled, frozen at -12°F and freeze
dried.

Partially cooked freeze dried scrambled egg samples were compresssd
in a die heated to 60 0 C and a compression plate temperature of 60 C.
The die was reheated after every three compressions to maintain a
relatively uniform temperature during compression operations. A
dwell time of 45 seconds in the heated die seems to form a thin,
smooth outer surface which is relatively resistant to breakage
during ordinary handling. This layer is probably due to surface
coagulation of the partially cooked scrambled eggs used for these
experiments, Heating the freeze dried _gg prior to "onmpression
results in an undesirable granular texture after rehydration which
is probably due to complete coagulation of the partially cooked
scrambled eggs.

Compressed bars should be broken down with the fingers into powder
before the addition of water. This is especially true for the con-
trol (fully cooked) compressed eggs and the partially cooked, hears1,
then comoressed bars. The curd size of the reconstituted scrambled
eggs of the treated samples depends largely on the degree of stirrin•
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during rehydratLon. More stirring t .ds to decrease the
s@sLo of curds and vice versa. These curds are usually
more fluffy than the rehydrated control uncompressed
samples.

Typical rehydrated freeze dried fully cooked scrambled
eggs exhibit a spongy and watery mouthfeol. On the other
hand, the treated (partially cooked, compressed) samples
developed a more desirable mouthfeel typical of fresh
scrambled eggs after rehydration.

2. Other Treatments

Spraying the freeze dried egg with water, glycerin, fat,
starch and gum solutions prior to compression, using dried
egg white, uncooked and partially cooked portions as
coagulants, and heat applications on the product prior to
compression yielded bars which either would not rehydrate
within a practical time limit or which fragmented excessive-
ly.

C. STORAGE STABILITY OF SCRAWLED EMGS

Table 3CV0 samarises the I and various tests of stability of
scrambled eggs initially an& after 4j months storage. Final
results show that scrambled eggs of the treated (partially
cooked) sample a:e as good as, if not b~tte-, than the
control (fully cooked, not compressed).
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XV. STRA•RBRISS

Materials used for this investigation were freesn dried
strawberries prepared by Tronchemics Research, Inc.

A. RNDUCrI0K OF FRAGIITATION

Efforts ta reduce fragmentation of compressed straw-
berries have not been successful because of our inability
to produce bars which can be rehydrated in a reasonuble
period of time. It has been possible, however, to separate
the individual compressed berries after about one hour
rehydration time.

The best treatment was as follows:

Fresh strawberries were punctured with stiff wires spread
in a frame approximately 5 mm. apart and vacuum infil-
trated with 1% low methoxy (25-28%) pectin (a product of
Colyer Company) solution (3 times, 10 minutes. each) in
vacuum oven. The strawberries were further infiltrated
(same procedure as for pectin) with 1% CaCla solution.
The material was then freoze dried. A dry calcium
pectate" was prepared by precipitating a 1% solution of
the low methoxy with an equivalent amount of 1% CaC12
solution. The supernatant liquor was drained and the gel
was frozen and freesz dried.

One part of this calcium pectate was dusted on 20 parts
by weight of infiltrated strawberries in an effort to
promote absorption of water throughout the compressed bar.
The freeze dried strawberries and frees* dried calcium
pectate were mixed. The sample was compressed at 500 psi
and formed a cohesive, slowly rehydrating bar. Bars
prepared by this treatment were partially rehydrated in
less than one hour compared to the control which rehydrated
in more than I hours. This partial rehydration of the
treated bars took the form of separation of the individual
berries although water did not necessarily penetrate through
all of the individual flat berries. The rehydratad straw-
berries were considered acceptable by the panel, however.

The I values of the treated samples (measured by using
the wt screen analysis) range between 1.3 to 3.4. Since
it has not been possible to rehydrate the control' (untreated)
compressed bars to establish.If values, it was not possible
to determine the degree of reduction of fragmentation of
treated samples in comparison with compressed controls.
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However, it is important to indicate in this connection, that a relatively
light pressure applied to freeze dried berries results in a powder and a
consequent high I value. When higher pressure is applied to freeze dried
strawberries, a cimenting effect occurs forming hard bars virtually impos-
sible to rehydrate.

The following approaches were attempted and were considered unsuccessful.

1. Treatment of freeze-dried strawberries with water prior to compression.

2. Treatments with starches either sprayed on as suspensions using 10%
of Crystal Gum (a modified tapioca starch) or powdered using 5% Dry
Flo ( a modified corn starch ). Both are products of National Starch &
Chemical Corporation.

3. Treatment by surface drying of freeze dried strawberries after spraying
with either water or Crystal Gum starch suspension prior to compression.

4. Treatments by vacuum infiltration of fresh strawberries with 1% solutionc
of Ca acetate, Ca lactate, or Ca chloride.

5. Lamination of thin compressed strawberry chips held together by further

compression.

6. Puneturing holes with a fork prior to compression.

7. Combinations of sam of the above.

9t. Infiltration of fresh strawberries with ensymitic systems of Dee-O
(glucose oxidase), hemicellulases, pectinases, bromelain (proteolytic)
extrinase and UT-2000 (amylase-protease) separately and in combination,
hen freeze dried.

j

9. Infiltration of fresh strawberries with 1S low methoxy pectin solution
with or without subsequent infiltration with 1% CaCl2 solution.

10. Infiltration of fresh strawberries with 5% of Melogel starch (a corn
starch from National Starch Co.) suspension with and without heat
application.

*Rnsyms used were obtaiiaed from Miles Chemical Company.
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XVI. COTTAGE CHEESE

The cottage cheese used for these studies was the commercial
product purchased in local stores.

Ordinary freezing of cottage cheese in a deep freezer
followed by freeze drying produced a dry product that was
matted to the point that the individual curds cotdid not be
distinguished or separated. Evaporative freezing in the
freeze dryer prior to the freeze drying step was the only
method found to produce an accepthble product from which
the curds could be separated byland to meet the requirements
in military specifications LP/P DES C-197-62. Upon com-
pression of this dry product without treatment, a very cohesive
bar with no visual evidence of curds was produced. This bar X
would not re~ydrate even after standing in water overnight.
Breaking up the bar with a !ork did not help to promote rehy-
dration as the final product still contained uwrehydrated
lumpa. The rehydrated pcrtion had little resemblance to the
original product.

A variety of treatments, including most of the ones that had
proved successful on previous products, were tried to promote
rehydration. These treatments included water sprayed at
various levels, varying equilibration times, use of distilled
monoglycerides (1-5% disporsious sprayed on) and low viscosity
starches (5-20% dispersions sprayed on), compSession at
elevated temperatures (60 0 C) and cooling to 0 C before com-
pression,

Since no direct treatment of freeze dried cottage cheese
was found to be effective in yielding a typical curdy XV
product after rehydration of compressed bars, no storage
tests were possible for this product.

It is believed that follow up work for this project might
investigate an approach patterned after the procedure found
to be effective for scrambled eggs as described earlier
in this report. This procedure which may yield bars which
would rehydrate to a typical curdy cottage cheese structure
is suggested to be the following:

It is proposed to make a cottage cheese preparation and
freeze dry the mixture befor, coagulation is complete, with
the intention of allowing coagulation to be completed upon
subsequent rehydration of compressed bar. Sterilized raw
milk would be Lnnoculated with a "mother culture", forming
a starter culture for cottage cheese. The starter would
then be innoculated into th. skim milk and rennin added to
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speed tp the coagulation action.

This mixture would then be imedistely frozen to limit coagulation
or might be allowed to partially coagulate before freezing. The
product would be freeze dried and the resulting partially coagulated
or uncoagulated dried powder would be compressed into bars. It is
believed that these bars could be broken up into powder or pieces
by hand and rehydrated at room temperature or slightly above,
allowing time for the normal coagulating effect to occur.

The above procedure has not been evaluated in the laboratory because
of lack of project time. It is proposed here only as a possible
approach to solving what appears to be a very difficult problem
of making rehydratable compressed bars of cottage cheese.

VDITY4N ISTI !RsLIUIUI

The Statement of Work for this project opecifias that the contractor
will describe the effect of recomended procedures for reduction of
fragmentation on the equilibrium relative humidity of specified bars
at 200C.

The results from the hunieLty-soisture equilibrium maiurements of
products mpecified in the Statement of Work are given in Figures
1-41. The mealsurments were made on the uncompressed, non-treated
product (coitrol) and the corresponding treated compressed bar.

These results indicate that treating the bars to reduc8 fragmentation
does not affect the huiditfymoitture equilibria at 20 C. StrawbetrieF
were not tested because a satisfactory my of making an acceptable
bar wes food only at the end of the contract period.

MLUMM .MIAL VL DI*AN ANm 3OUIHW S.NCIOr

A. NILIIWIflDI 10 CTICUMO 11 31*030

As a guide for future efforts to traulate the developmental
results described in this report into a comercial production
facility for compressed food bars, a preliminary flow dia-
gram wes prepared (see figure VIII). Several representative
products are listed on this diagram. Similar diagrams could
be used for the products not -pecifcally listed here.

For reference purposes, Table ogVI lle the processing steps
involved in che production of compressed bars from all
foods included in the contract with tht exception of cottage
cheese and strawberries.
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B. PRILIMINkRY EQUIPMENT SKLWCTIOI

Iquipment has been considered in ome detail for the key
operations of addition of anti-fragmentation agent and compression
of food to form bars. Thin is discussed in the following para-
graphs. Most of the other equipment which is not further dis-
cussed is available from a number of food equipment manufacturers.
They will be able to make specific recommendations once a firm
process design basis has been established.

In planning the preliminary flnw diagram of Fi.gure VIII, a

target capacity of 50 bars per minute has been assumed.

1. Addition of Anti-Fragmentation Agent

As shown in Table XXVII, all products excepet'scrambled eggs
require an additive. Addition by spraying is the preferred
method for all products except raw beef, to which the
desired moisture level is achieved by use of a humidity
chamber. Controlled spraying or atomization of liquids
can be accomplished using nozzles,either the hydraulic
pressure, single fluid type or the two-fluid (pneumatic)
type. The single fluid, pressure type is not well
suited for the low volume requirements and the high
viscosities of some of the liquid additives used in this
project.

Of the various two-fluid or pneumatic atomizing nozzles,
the positive feed type is preferred for this application.
With this type of nozzle, the liquid supply is regulated
by a food pump or a constant pressure supply system. This
keeps liquid flow and air flow independent, allowing
separate control over atomization by air regulation. This
independence is important because of variations in liquid
flow requLronts and liquid properties (especially via-
cosity)from food product to food product. Spray set-up
number 1i of bprayLng Systems, Inc., is considered suitable
for the commercial scale production line. To compkte the
spray set-up, certain other equi.ment is needed:

a. An air compressor to deliver up to 10 ef of oil-free
air at up to 50 paSg.

b. An air pressure regulator.

c. A liquid metering pump to deliver between I and 5 gph.
(This capacity includes 50% overspray, two spray sta-
tions).
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Uniformity of spray application should be achi.ved by the uce of two
spray stations and the product turnover accompanying the transfer
between conveyors. In addition, some degree of desirable agitation can
be obtained from the fluidizing action of the atomizing air if the
distance between product and nozzle is adjusted for this purpose.

2. Compression and Bar Formation From Prepared Food

The important items to be considered in the selection of v, press for
bar formation are listed in Table MVIII. Also included are pertinent
existing contract specifications. Experimental results and operating
conventions have been included.

The data lirted for the commercial equipment have been developed from
discussion with equipment manufacturers and from their literature.

The Colton Rotary Tableting Press, Number 270, appears to be the best
choice for an efficient commercial production unit for bar fabrication.
According to a representative of Colton, the production of 50 food bars
per minute would require certain modifications of the press to allow
for the pressure build-up, dwell, and feed flow characteristizs in bar
production. The press has a rated capacity of 860 tablets per mirnute
from powders of good flowability. The desirable slow build-up of
pressure and dwell time needed for comprersion of dehydrated food bars
is expected, to be achieved by slow operation of this high capacity press.

DuL-iig Lhe uxperimental development work, this time was of necessity on
the order of 10 seconds or more, ueing a hand operated Carver hydraulic
press. In the Colton 1270, a build-up time of 12 seconds would be ob-
tained at a production rate of 50 tablets per minute.

Key items of equipment expected to be needed tor small scale commercial
production are shown functionally in Figure VIII.
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